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< 
PR3LIKINARY T7.STS OF  PIOATINNY ARSHMAL DEVICE  ,  

(LINEAR CUTTING CHARGE)    AGAINST DYNAMICALLY 

\ FIRED AIMDRITION   (S) 

ELEVEMTH REPORT ON  PROJECT TB3-122UB 

ABHOR TEST REPORT AD-1228 

DATES OF TEST: AUGUST 19$h TO JUNE 19^5 

OBJECT 

To investifrate the performance of and evaluate first nodels of explosive 
charfres -esigned for use as an active defenae against shaped charge missiles. 

SUMMARY 

Thirty-four Picatinny Arsenal Devices were detonated against various anti- 
tank projectiles in flight during dynamic firin s of these projectiles against 
target amor. Frequent defeat of projectiles, under special conditions, was 
achieved. Picatinny Arsenal Devices were also detonated for high speed photography 
and calibrating purposes, 

CONCLUSION 

The device as tested offers considerable proaise as a protective measure 
for armored vehicles, provided an adequate sensing and triggering mechanism is 
developed, and tactical limitations are overcome. 

RSCOiatENDATION 

Development and application Htudies, including sensing and triggering, should 
be continued, with special emphasis on increasing the versatility and effectiveness 
of the liner fragments. 
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I.  irrTKODUCTxON; 

A, DISCUSSION 

1, On 28 July 1953, a conference on Defense Against Shaped Charges was 
held at the Ballistic Research Laboratories, APG. This conference resulted in the 
fomation of the Ordnance Corps Committee on Defense Against Shaped Charges•* At 
this same conference, a unique method of defense against shaped charge missiles, 
evolved by Plcatinny Arsenal personnel, was described. In this method, a lined 
explosive charge,««triggered by an incoming projectile, produces a sheet of 
fragments in a plane roughly normal to the trajectory of the missile. These frag- 
ments strike the  HEAT shell body and so damage it that the shell loses its 
penetration capabilities. The application of this device then envisioned was the 
setting of a series of such chsrcos on the stowage boxes, fenders and turret 
periphery of a tank, as necessary. mm 2,    The lined explosive charge dÄfewtwflroTSnitially was referred to as a 
"linear cutting charge," after the British terminology.    It was described more fully 
at the first meeting of the above-mentioned Committee on 25 September 1953* 

3»    At "tixe meeting in September 1953, the charge model wns described by 
Picatinny ArsentJ. as approximately eight inches long, carrying a little over a 
pound of explosive, with a T18 detonator and annular booster near »ach end, making 
for two-point initiation.    In the first tests by Picatinny Arsenal, seven 3,5 inch 
HEAT M28A2 rockets were fired at armor plate, first striking a pair of aluminum foil 
electric-detonator triggering screens in firont of the plate.   These screens, on 
short-circuiting, permitted the detonator system to initiate the charges«    No 3»5 
inch rocket round penetrated more than three-fourths of an inch of the armor against 
which it was fired, 

h.    The suggestion was made by the D&PS representative at this meeting 
that such a device was potentially even more valuable against other missiles than 
HEAT,    This was predicated on two possibilities: 

a. Effective breaking up or cracking of a large caliber armor-piercing 
shot might be achieved by the impact of liner fragments on the projectile body. 
This aspect was investigated in the tests to be described, 

b. The impact of a liner fragment of sufficient momentum might deflect 
or upeet the target missile by an amount sufficient to prevent complete penetration 
of the target armor.    An elementary study of this aspect indicated that upsetting a 
large caliber projectile of the AF or AP HE type by fifteen decrees   (a conservative 
guess of the amount necessary to degrade the penetration capability of typical AP 
projectiles fired against oblique armor) requires an inordinately large fragment 
momentum,    A limiting condition is the distance the missile must travel, before it 
strikes the target armor, after being hit by a linor fragment» 

5,    a,    A basic limi ation of the method of defense by this explosive device 
is the necessity for a reliable and accurate sensing and triggering system.    One 

«    Ref.: Letter tram CVDTB, File No.  33U/92ii,  APJ 337/900 
••      See a>:etch in Appendix B 
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reason given for the relatively slow development of the charge is that without an 
automatic, quick-acting, sensing and initiating systen, it is relatively useless 
for its intended purpose, ~  ~ MSUL. b. Considerable procreBSTunf MslPnÄde, however, in the direction of 
developing a sensing and triggering system, under project DASH DOT, Ordnance Project 
No. TA3-$20iu Under teclnical supervision of the Picatinny Arsenal, the United Shoe 
Machinery Corporation has developed an electronic mechanism system for the purpose 
described above, 

c. The following is a description of the system provided by the 
contractor in a progress report» 

A method using C,W,X, band radar has been tentatively adopted for 
the detection of attacking missiles. Missile velocity is determined by the doppler 
frequency produced by the impact of the transmitted energy on the approaching 
missile. The range of missile velocities involved requires the production of a 
time delay which increases as the missile velocity decreases', In order that all 
missiles may be In the same vertical plane at the instant of detonation of the linear 
charge which is used to defeat the missile. The delay required for all missiles 
between 200 and 3000 feet-per-second velocities has been worked out, theoretically 
resulting in all missiles being in the same vertical plane £ 1.U3 inches over a 
vertical distance of $ feet. Various methods of developing the required delay 
have been explored and a breadboard model of a simple and reliable method has been 
constructed. The delay available has been extended to 3800 microseconds maximum, to 
include low velocity missiles arriving at extreme angles of obliquity. The radial 
velocity of a 200 feet per second missile may be only 6? feet per second, producing 
a doppler frequency of some 1360 cycles per second. A "missile simulator" in which 
Styrofoam cylinders are propelled along a plexiglass tube has been constructed to 
enable preliminary tests to be run in the laboratory. Missile velocities in excess 
of 350 feet per second have been obtained in the "simulator" and velocities up to 
500 feet per second should be possible with increased air pressure, 

d. A description of the instrumentation xised is provided in the January 
1955 progress report by the same agency. 

e. A test with the breadboard model sensing dynamically-fired artillery 
missiles was described at the meeting of the Ordnance Corps Committee on Defense 
Against Shaped Charges on 1 Nov 1955. The test results were generally satisfactory. 

f. A second limitation of the device in its present form is that 
connected with exposed mounting on a vehicle. With the apex of the liner in normal 
position, so that fragments can be projected upward , the device may accumulate mud, 
dust and snow in the exposed cavity. A brief, inconclusive test of the PAD was 
conducted in conjunction with the calibration and high speed movie firings to 
investigate this limitation. Some reduction in fragment energy was noted with one 
cha? ge. 
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6. Count*nM««ure* that mi^ht be •■ployed against a auooaatful application 
of a radar-eontrollod PAD* «ystem to a vehicle would depend to a large extent on the 
perforaanee of the eeneing ay»ism and the location of the PAD, 

a.  If the charge* were mounted cloee to the tank aurf acet, and aimed 
rertioally. it night he feasible for the enemy to use and attacking HSAf »tiall« 
which attempted to detonate before the PAS did. A large diameter (6 in. and up), 
long-ogiTed, HEAT round, performing better at a long standoff than conTentionai one«, 
night be adequate for penetrating the tank defended by PADe, in the arrangement 
deeoribed. 

rl^feJuilll Inc b. A more oomplM^&pllwclfc Incorporate the above features and a 
proximity fuse as well. 

c. The above speculative anti-PAD miisile designs add additional 
support to the Proving Ground's intereat in the deaign and development of PAD 
type devieea for other applicationa (i.e. aati-AP, antl-HE shell, anti-personnel, 
anti-mine). 

d. Finally, while beyond the province of this report, it is not 
overlooked that PAD type devices nay prove feaaible as protective meaaures in aome 
US Air Toroe and US Havy materiel. Air-to-air defense against chemical energy 
miamilea is an application worthy of serious consideration and extensive develop- 
ment. 

B. KKTBIOmaBS 

1. Ltr, OBDTB 334/924. AP6 337/900.  Subject:  Ordnance Corps Committee 
on Defense Against Shaped Charge Program. 

2. Memorandum from Director BRL to Director. D&PS. 2 August 1954. 

3. Memorandum from Director BBL to Director, DAPS, 3 November 1954. 

4. Monthly Progress Beports on Ordnance.  Project TA3-5204 (DASH DOT) by 
Basearch Division, United Shoe Machinery Corp. 

5. Minutes of the Ordnance Corps Committee on Defense Against Shaped 
Charge Weapons, November 1955. 

* Rie term PAD (Picatinny Arsenal Device) was propoaed by the DSPS and accepted 
by the Picatinny Araenal representative at a Committee meeting. 

7 

SECRET 



SECRET 

II.    DESCRIPTION OF M.ATSRIEL  ~  

A. Scma modification of the first damonstration aod«! of the Picatinny 
Arsenal device was effected by the Terminal Ballistics Laboratory, BRL. A 
single point Initiator (106) was substituted for the twin initiators hitherto 
used« 

1, A flash radlogÄpflPcrr flb**i4ginent pattern of such a charge is 
provided in Vol. I. No. 2 of the Ordnance Corps Shaped Charge Journal, Oct. 
51*, (Pages 876-277). 

2, This radiograph shows the divergence and critical curvature of a 
single-point initiated sheet Jet. A 3-point -initiated charge with an essentially 
straight frontj had Interacting Jets where the main fronts met at the liner. This 
charge had a ninety degree wedge angle with a 1/L6 Inch copper liner« For the 
dynamic firing tests described herein, the TBLf» BRL versions of the PAD were used« 
A sketch of a typical PAD is provided in Appendix 5« The devices used were ten 
inches long and loaded with 1,67 lbs« of C3. In section the steel or copper liner 
resembles the letter M« The Interior angle was usually large, ranging from 115 
to 165 degrees for different liner designs and materials« 

B« Target armor for the dynamically-fired projectiles was rolled homogeneous 
armor of varying thicknesses and obliquities« Thickness and obliquity were combined 
so that the projectile could defeat the armor unless degraded by the PAD fragments» 
Major items used are listed below: 

mOJECTILE WEAK>N ARMOR OBLIQUITY 

90m AP, T33E7 Oun, ¥3        h  inches R.H. 15° 
90m HMMT, Tlli2E3       Oun, T119       2 inches R.H. 55° 
106» HEAT, TllJELL      Rifle, M70      h  inches R.H« 30° 

III. DBTAILS OF TEST 

A.  HIQCEDURE 

1» For the major test phases, i«e«, defeat of dynamically fired missiles, 
the target armor was placed in plate butts to provide obliquity in the vertical 
plane« The charges (PADS) and triggering screens were then positioned on the ground, 
usually a few feet., from the armor« These distances were changed as test requirements 
dictated. The vertical and the horizontal distances between the charge arid the 
trajectory of the attacking projectile were varied for different projectiles« 

2, When the projectile was fired at the target armor, it passed through 
and short-circuited a pair of closely spaced aluminum foil or wire mesh screens. 
This permitted initiation of an M36 electric detonator which la turn initiated the 
PAD, A successful PAD was one which prevented complete penetration of the armor, 
by the attacking (target) projectile. 

3« When test results dictated, fastax films were taken to obtain data 
on  the behavior of the PAD fragments and on the target projectile. 
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k»    To obtain data on PAD fragment velocity and penetration characteristics, 
special detonation tests were conducted in a final test phase«    PADs were detonated 
so that fastax films of fragments strikinj mild steel plate could b« made»    The 
time interval between the detonation and the flash caused by a fragaent striking 
the target was computed from the film.    Since the charge *nfm*ft%»flifrtnrfift was known, 
the velocity of the fastest liner fragments was determined,' •sOTrr 

5?« The PAD liner fragments were checked for depth of penetration into 
mild steel, both with and without a filling of mud in the liner wedge« It 
appeured that such penetration was limited for the weight of explosive used« 
Accordingly, a crude comparative fragmentation test was devised« 

a« Locally available steel pipe nipples, 2 inches ID by 6 inches long, 
and 2 1/2 inches ID by 10 inches long, were half-filled, axially, with plaster of 
paris« A hole was drilled in the nipple wall at mid-length, thru the Inert filler, 
to house a tetryl pellet. Explosive C3 was then pressed into the remaining semi- 
circular segment of the pipe, for its full length. In section, the pipe looked 
like thisi 

Tet^t   Rooster 

B.    RESULTS 

1.    Detailed firing data and results for the  PAD vs  90nim AP T33K7 shot 
and vs  the lOönm HEAT T119E11  are contained  in F,R, No, Ar-20352,  a copy of which 
forms Appendix C« 

a.    With steel-lined PADs eighteen inches below the trajectory,  90Bni 
AP T33E7 projectiles were defeated four times  in  four, at projectile velocities of 
the order of 2050 fps.    The defeated projectiles were cracked or broken by liner 
fragments as  shown by one smear type photograph, AHJ B2167,  in Appendix Cjwhen the 
velocity of the attacking T33E7  projectile was   increased to 2^00 fps,   the  projectile 
defeated the  target armor in the limited firings conducted.    The exact interaction 
between liner fragments and successful projectile  is not known.    A change in liner 
desirn or ortentation may be adequate  for defeating the hirher velocity projectile, 
(For attack at  15° obliquity by  90Bm AP T33Ä7,  the ballistic  limit velocity of a 
if-lnch rolled homogeneous armor plate  like the  target plate  ie usually of  the order 
of  1700 fps). 
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b.    With copper-lined charges at the ssiae distance  (18 inches below 
and U inches-off center of the trajectory), several rocoilless rifle rounds, 
I06ma HEAT, T119E11, were defeated.    At 29 inches below and six inches off center, 
and at forty-two Inches below and nine Inches off fff^^i MV'V was successful» 
One round was fired for each condition described. SttRH 

c. Several of the other rounds fired in this 106BH Til JEU series 
were of dubious quality, however. This was evidenced by a fuze failure on a final 
T119E11 fired as a check. Without a PAD in position to attack it, this last round 
broke up on the face of the target armor plate without proper functioning, 

2, Detailed firing data and results for the target 90mm HEP-T T1U2E3 
projectiles, fired at velocities of the order of 2320 fps, are contained in 
Appendix D.   Copper lined charges with included angles of 11$°, lk(P and 165° 
were used.    A stannary of results follows: 

PAD LINER A:;OLE VERTICAL STANDOFF RESULTS 

(PAD below Trajectory) 
115° 1 at 18 inches Projectile defeated 

1 at 30 inches Projectile defeated 
1 at h5 inches Projectile not defeated 

II4O0 1 at 16 Inches Projectile defeated 
3 at 30 inches Projectile defeated 
6 at UP inches Projectile not defeated 
2 at 60 inches Projectile not defeated 

165° 1 at 30 inches Projectile not defeated 

3. It appears then that vertical distances nre^ter than thirty inches are 
too much for the PAD,  as tested,  against 90mm HEP-T,  T1142E3. 

U.    When it seemed that fragment energy fall-off or s^me similar factor 
was critical over a short distance  (i.e., from 30 to li^"),  faatax films to obtain 
liner fragment velocity data were taken.    Inspection of films  indicated that a few 
of the fastest liner fragments were of approximately uniform velocity (11,000 fps) 
over a six foot distance.    Velocity data for most liner fragments was not obtainable 
by standard hifh speed photography methods. 

5. Static detonation of the charge  for fragment penetration data 
indicated fairly limited spread ar.d penetration.     (See Appendix E and Photos)» 
Comrarable penetrations and wider spread were obtained using locally available 
2 l/2 inch galvanized steel pipe nipple and lesser explosive charge weights, 

6, 7/hen the wedge or cavity of one charge was filled with moist soil, 
a fall-off in fragment  penetration was observed. 

10 . 
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C.    OBSERVATIONS 

1#    a.    The defeat of attacking chemical energy arununitian (HEAT, HEP-T) 
resulted fron high order detonation of the explosive charge^ This, In turn, resulted 
from copper-liner f ragment penetration of the shell body^ 

b,    A high order detonation of an incoming nfflssiTelhäy Bi indesirable* 
for the vehicle beinr defended.    Attempts to defeat chemical energy ammunitior by 
lower energy particles may be desirable from thiü standpoint as well as Trom the 
standpoint of reducing the anoxant of explosive filler in the defending charge. 

2.    The maximum vertical distance required between incoming missile and 
liner varied with each type of missile.    For defeating kinetic energy rounds, a 
shorter distance may be required.    If this is so, a determination of the major 
missile targets should be made.    This re-evaluation of the missioi of PAD type 
deviceiis necessary because of the possibility of specially designed ammunition 
of the HEAT type which might frustrate such a device  (See IA-Biscussion), 

D,    OBSERVERS 

In addition to D^PS and BRL personnel directly connected with these firings, 
the following were present for some phases of the HEP-T firings: 

Mr.  Paul ^illner - Picatinny Arsenal 

Mr, J, L, Minto - United Shoe Machinery Corp. 

IV. COnCLUSlONS 

A, The PAD  (Linear Cutting Charge)  as tested offers considerable promise for 
protection of armored targets against chemical energy a-nraunition of the HEAT and 
HEP type, 

B, The device also offers considerable,  if not superior promise for use against 
high explosive shell, a mor piercing projectiles and similar artillery anmunition. 

C, As tested, the performance against 90-ü.I AP ammunition fell below that 
against HSP-T and HEAT. 

D, The tactical performance 0f SUch a device nay be limited by environmental 
conditions such as terrain,  ano-;it dust,  etc, 

E, The test data does not permit selection of an optimum liner material or 
configuration until tactical objectives and limits of performance have been 
established. 

* Large caliber HE filled shell may cause serious blast da:iage on the tank exterior. 
Fragments resulting from a high order detonation would also be a serious damage threat. 
A low-order detonation, or mere  shell break-up.  is therefore preferable. 
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V.      RECOMMENDATIONS OCPDCT 

A.    The develoyftsnt of expBÄsv^4a!J nmlr combinations should be extended 
to provide a determination of the most effective system, 

B«    The application to defeat foreign HEAT and kinetlc-^nergy artillery 
ammunition should be stressed in future development. 

C, Increased versatility of the device should be a major objective in future 
design, with some attention to anti-personnel utilization. 

D, Tests to determine operational suitability on a moving vehicle should be 
initiated.    Performance under varying weather and terrain conditions should be 
investigated, , 

E, Specific military characteristics should be made the basis of future design 
These characteristics should take into consideration the limitations and potential 
versatility of the charges tested as described in this report as well as such 
obvious considerations as safety of tank c rev/s and tank-accompanying infantry. 

ARTHUR PILLEKSDOf# 
Qig. Ordnance 

tua:; s. GOODWIN 
Assistant Direct#r for 

ineering Testing 
Development k  Proof Services 

M-^/ ^ i^W^ 1 HERBERT L. ROSaSSHd 
Chief, Terminal Ballistics 
Division 

V. * 12 
SECttET 



■ —M 

SECRET 

SECRET 

APFENDIGES 

APPENDIX A - CorrespOTdence 

APPENDIX B - Sketch of PAD 

APPENDIX C - Firing Record Ar-20352 

APPENDIX D - Firing Data and Results - PAD vs pQna HE-* 
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CORRESPONDSNCS 

1. Interoffice Memo fron Director,  BRL to Director,  D&PS 
dated 2 August 19% with 1st Indorsement dated 19 October 195U 

2. Interoffice Memo from Director,  BRL to Director, D&PS 
dated 3 November 193U 

3. Utter, File APG (S) itfl/^l.  00 1*3-/5892 
k* Teletype 0RDBB-TR1    TT8696    22706 7 195k 
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COPY SECRET 

Request for Firing of 90inn Kinetic 
Ehergy Rounds and lO^n 
HEAT Rounds 

Director, Development 

1st Ind    Mr APillersdorf Alc/23229 

19 October 19^4 

TO: Director, Ballistic Research Laboratories 

1. The dynamic firing test requested has been completed« Firing data 
and results are contained in Firing Record AR-2035>2, copies of which are to 
be forwarded to both '.Teapons Systems and Terminal Ballistics Laboratories« 

2« As pointed out by the D&PS representative at meetings of the 
Comaittee on Defense Against Shaped Charges the Picatinny Arsenal Device 
offers particular promise against non-HEAT rounds« The 90Bim JP T33E7 
round is the most severe test of the device. At very low remaining 
velocities (2050 fpr or so), the round was totally defeated four times 
in four« At 2^00 fps or so, the clurges provided by TBL were unsuccess- 
ful in stopping the round. Since appropriate development testing of this 
device has been so limited to date D&PS has proposed to test various modifi- 
cations and applications of this device, particularly against foreign 
amniunition, Replies from ORDTA, ORDTB, and ORDTT are presently awaited. 

3, In view of the SECRET classification of results on this project 
by Picatinny Arsenal, this correspondence is being upgraded accordingly. 

T. F. COLLERAN 

2 

SECRET P 
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COPY OF COKFIDn:TxAL OFFIC 

SECRET 
MBDRAMXni FOR FILE 

TO 

FROM 

SUBJECT: 

l!r Kirkpatri.ck/ccw/22261 
2 August 195k 

Director, Development & Proof Services 

Director, Ballistic Research Laboratories 

Request for Firing of 90nin Kinetic Energy Rounds and IQJjnm 
Recoilless HEAT Rounds 

im}f%9f]f IrHtfe 1. In connection wKJflliUPk" BrT^ne defense ar::ainst shaped charge weapons 
a method has been proposed by people at Picatiny Arsenal and has been tested 
to some extent by members of the Terminal Ballistics Laboratory,    However, to 
determine the full value of this type of defense it will be necessary to fire 
full scale dynamic rounds. 

2. This form of defense consists of a line charge, fired by electronic 
means, to damage the shell before it arrives at the armor.    Conversation with 
Ifr. Cronman of TBL indicates that charges are available and that they can be 
prepared for these tests.    It is desirable that the results of these tests be 
available for the next meeting of the ConEiittee on Defense Against Shaped 
Charpes 26 August 195h» 

3. The test desired would consist of 10 rounds of 90nBi Jf fired into an 
armor target protected by this device.    The other test would consist of 10 
rounds of lO^mm HEAT amnranition fired from the lO^inra recoilless rifle.    The 
armor for this second condition would be identical with that for the first 
test.    It is desired that high-speed motion pictures be made of the terminal 
effects of these firings. 

iu    It is requested that 10 rounds each of the kinetic energy and the 
HEAT rounds be fired.    Necessary material and labor will be charged to Project 
TB3~122i4B,  W,0.  962-002-00. 

5.    It is further requested that these Laboratories be notified of 
the time of the firings in order that an observer may be present. 

s/   Herbert R. Dichtenmueller 
HERBERT R,  DICHTENMUELLER 
Lt Col Ord Corps 
Asst to Director 
BRL 

SECRET /t 
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OFKICE 11BMORANDIW     -     LIJITBD  STATES GOV:jWiMENT 

THRU 

TO 

s     Chief, Weapon Systons  Laboratory 
Chief,  Terminal  Balliatios  Laboratory 

t    Director,  Developmer 

FROM       i     Director,  Ballistic "Research Laboratories 
EMr™ 

BLKi rkpat ri ck/ah/2226l 

DATEf     3 November 195** 

SUBJECT«    Tent  of HEP vs Line Charge 

1. It is  requested that yOcrjn HEP ammunition be  fired to determine  an effec- 
tive method of employing the  line  charge  for the defeat  of this type  of amunition 
as  per conversations between Mr.   E,  L.   Kirkpatriok of V.'SL,  Mr.   Kronman  of TBL and 
Mr.   Pillersdorf of DAPS. 

2. Twenty-five  lot PA  18P-8 HEP projectiles will be  allocated for these tests 
under Project TB3-122UB. 

3. The line  charges with their sensing  circuits will be  supplied by the TBL 
of DHL at  the time of the tests, 

ii.     It  5 8  requested that  the armor arrangement  for these tests be  such that 
it would be defeated 100% of the time by the 90inm HEP round when a defense nwohan- 
ism is  not  ueed.     The arrangement to be  used will be with conourronce  of TBL, WSL 
and D6cPS  representatives. 

5«     It  is  requested that   spalls  resulting from any unsuccessful  line charge 
defenses be recorded with their weight,   description and photographs. 

6.     The tes+^s  will be interrupted at   any time the  BRL deems necessary for 
revision of *:he  sensing device. 

7o     It  is   requested that   10  rounds be  fired  at   a  condition before  it   is   cred- 
ited with  successful  defeat  of the round. 

8. It  is   requested ^hat   high  speed  motion pictures be taken  of the  engagement 
of the  round with the target. 

9. It   is  requeHted that  photographs  be taken  of the target  arrangement  before 
and  after the tests. 

10. The  resultc  of th»a«  tests will be  classified  "SKGRET". 

11. It  is  requested that   the BRL be ootifi«d  at   least  72 hours  prior to  the 
firing of these tests   so that   Ficatinny Arsenal   and the   United  Shoe  Machine   Company, 
under contract  to  Picatinny Arsenal,  may be  notified. 

12.     The priority of this  project   ie  1A, 

SECRET 
/s/ E.   H.   Kirsten 
/t/ E.   H .   Ki rsten 

L1-.   Colonel,   Ord   Corps 
Asst.   to Dir-otor 
Ballistic   F.er,earc;h  LKbortn^ries 

|1 
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SECRET 

Mr APillersdorf^0/23229 
APO (8)^71/31 
0oAs-a8892 

OROBO-DPS-^U 

SUBJECT:    Dynamic Tests of Picatlnny Arsenal Device (Cutting Charge) 

TO: Chief of Ordnance 
Department of the Army 
Washington 2£, D. C, 

ATTENTION: ORDTT 
SECRET 

1, The efficacy of the Picatlnny Arsenal Device in defeating 
kinetic energy- and HEAT projectiles has been demonstrated by a brief 
firing test of a modified charge provided by Terminal Ballistics 
Laboratory, Ballistic Research Laboratories* Detailed results are 
reported in Aberdeen Proving Ground Firing Record Ar-203$29 

2. Given below is a summary of results obtained for the following 
projectile types when attacked by the modified Picatinny Arsenal Device: 

a. Four rounds of 9Qnm AP T33E7 Shot were unable to penetrate 
a V armor plate at 1^° obliquity protected by a cutting chargej the 
striking velocity was approximately 20^0 fpe whereas the ballistic 
limit velocity of the plate alone was approximately 1700 fps» 

b. Four rounds of 90nm AP T33E7 Shot fired at approximately 
2£00 fps were able to completely penetrate the same kn  armor plate 
protected by a cutting charge« 

c. Six rounds of lO&na HEAT ammunition (the T19S11 Shell) 
fired at approximately 1600 fps wei« unable to produce penetrations 
greater than 2* ±n  the armor plate target protected by a cutting charge* 

3« Since the 9Cten AP projectile was selected as the most severe 
test projectile for ths cutting charge, the potential of this type of 
device in an Improved form should not be overlooked in other respects: 

a. For use  against IE  shell and composite shot (HVAP, AP-DS, 
etc.) as well as against Soviet AP-^-E annmnltion, 

b. As an equivalent of apjreciable armor thicknessj while 
the 90Bmi AP projectiles fired at 2^00 fps were not totally defeated, 
they may have been upeet or degraded so that the actual, ballistic 
limit velocity against the target plate would liave bean appreciably 
higher than the limit velocity obtained by firing against an "unguarded" 
plate. 

SECRET 
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SECRET 

ORDBO-DPS-AA 
SUB JETT:    Dynamic TestsOlfl^ÄfefJnRrT&'senal Device   (Cutting Charge) 

h»    The cutting charts TfirBviTOcP for this test had liners of steel 
for use against the AP projectiles, and of copper for use against the 
HEAT anmunition.   Results of static detonation tests conducted by 
Terminal Ballistics Laboratory and reported verbally by their repre- 
sentatives show that steel liners in this type of charge cause more 
severe damage to AP projectiles than do copper liners«    Apparently this 
is because the larger fragments from the steel liner are able to more 
effectively damage or break up the heavy body of the AP projectiles. 
Steel liners should also be effective against HEAT ammunition although 
because of the thin wall of such ammunition copper liners have been 
found sufficiently effective.    Testing of materials to determine what 
materiel will furnish the optimum liner for effectiveness against all 
types of attack has of necessity been limited to date but needs to be 
explored fully to establish definitely the performance which can be 
expected from cutting charges.    Tests of liner materials should include 
various types of steals, steel-copper bimetallic or amalgam liners,, 
cast iron and possibly titanium as liner materials. 

5. Since the referenced test program ha?' been completed, no further 
testing can be planned until new directives are received« 

a.    Development and Proof Services has received a copy of a 
directive from the Detroit Arsenal, the original being in Office, Chief 
of Ordnance, ORDTT| it is recommended that this directive be forwarded 
for action by Development and ftroof Services. 

6. It is recommended that Development and Proof Services be 
authoriaed to investigate the following: 

a. Defeat of HE, HVAP, AP-DS, and Soviet PA-HE amnunition by 
cutting charges, 

b. Behavior of cutting charges against higher velocity kinetic 
energy (AP, APC) and HEAT rounds, this to be given high priority. 

o.   Testing of a cutting charge incorporating desirable features 
of the "Claymora Device" for anti-personnel use.    This would make for a 
more versatile and logistically desirable item of anmunition:    A dual- 
purpose tank-mounted or hand-carried grenade. 

d«    Applications of modified forms of the charge as an anti-tank 
mine and as a device to defeat anti-tank mines. 

CC XO-ORDTA 
ORDTB 

? 
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ET08U 

EGA72 RECEIVED 

RR U2TGH xStfiitJaT 
DEV !■ PROOF SERVICES 

DE UEGRP 35 APG,MD. 

R O3I837Z 

PSI GO  KCATEfflT AF-SHIAL DOVZP. NJ 

\ TO CO ABERDEEN PG Iffi 
\ 

DA GRNC 

FOR ORDBG-AA-DPS PLESS fUDli ORDBB-TR1 TT8696 VOLLMER SGD CARSOK YOUR 

22706 AND SUBSEUUSNT FONECON BET'/EEN PILLERSDORF AND WILUIER CMK DR 

B A LLDYD AND Wt PAUL 'VILLMSR '.TILL ATTEND TEST FIRINGS 7 DEC 19$h IN 

GONIIECTION TiLTH TAKK DEFE^:SE PD IN ADDITION A yJUCIMUM OF k PERSOmiEL 

FRO" UNITED SIDE I1ACHINF.HY CORP -/ILL ATTEND IN CONNECTION VETO CONTR 

?-h9 

CFN ORDBG-AA-DPS ORDB3-TR1 TT8696 22706 7 19?U h P-ii9 

03A856Z 

SECRET > 
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APPENDIX    B 

Sketch of Picatinny Arsenal Device 

(Linear Cutting Charge) 
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'ICES 
ABERDEEN PROVING GRudND, MARYLAND 

FIRING RECORD 

r 
' JS: • >"3 

OBJocr vf r&oT t 

OEVBLOIHSUT 
PROJECT MO.i 

To Tost Toe El feotiveness of a Special 
Pieatinny Arsenal jevice (Lin* Charge) 
in Jefeatin0 90nim A? and 106mm HEAT 
Ammunition. : A •' • • - . ' i . ' 

TB3-122U 
r 

^ / / 

FIRING RECORD NO» Ar-20532f< 
SHEfiT 1 ^ 5 
DATE OF TEST: 10 August '5U t h r u 

' 25 August '5U 
REFERENCE: Memcrandtaa dated 2 Auguat 

1954 from D i r e c t o r , BRL, -
to D i r e c t o r . DAPS 

W. 0 . : 962-002-00 

JIATER i'AL 

Rolled Homogeneous Armor P la te H&C^L 
Rolled Hoac^enecus Armor P la te So,. lll^25A, V x 6§." x 90" , 32iiBHN 

AffCi>NIT & ~^//3 - i 
i"\ 

</ 
PA-E-12356. 1, S h e l l , 106mm, «EAT, T119E11 (U5Uh). (£i 

2„ Snot , 90mn, Ap T33E7, Affaainition Lot'No, 
P i ca t i nny Arsenal c u t t i n g charge (Line Charge) i-TTodifIe3' charges provided by TBL, 

BRL. D e s c r i p t i o n : BRL kodel 6, loaded wi th 1 ,6 pounds cf Comp. Bj dirnensionat-10" long, 
2" wide, 1 5/9" nib' '1 with L4O0 "vee" s raped a l o t cu t l o n g i t u d i n a l l y i n t o one of the 10" x 2" 
s u r f a c e s , E i ther a s^es l v0,06«2" t h i c k ) or copper ^0.065" t h i c k ) l i n e r was assembled i n t o 
the s l o t . See Inclmerrn No. 3 f o r a s k e t c h of the Line Charge* 

FACILITIES V : 

-J 

Gun, 90mm, k3» No. 6171, wi th Tube Kc. 2597. 
R e o o i l l e a s I t i f l e , ICfccm, T170B1, Nc. 166, with Tube No. 6115. 

DE^CRIPIION CF TEoT SETUP "**• 

The t a r g e t armor, a L," r. 65" x yO" Rii Armor p l a t e , was Leaned a g a i n s t the f r o n t of the 
p l a t e b u t t s , t ipped back from the v e r t i c a l . . The Line Charge and t r i g g e r i n g sc reens were 
than pos i t i oned cn the bround few l'-iet in f r o n t of tne t a r g e t p l a t e w'nioh was seme 150 
f e e t from the bun« An de tona to r placed in the Line Charge was ocnr.ected t c one of t he 
s c r e e n s , and the serpens energized by p u t t i n 0 0 1200 v o l t 0. C. power supply ac ross thenu 
A p r o j e c t i l e pass in G t r . r cu t h the sc reens completed the t r i g ^ e r i n ^ c i r c u i t , s e t t i n g o f f t u e 
it-36 de tona to r and the iAne Charge.- Copper nesh sc reens wore used for the 90mm Shot , while 
t i . in aluminum f o i l s t r i p s ,v~re usee in th* sc reens w.en f i r i n 0 the s e n s i t i v e ]06mm HEAT 
s h e l l to avoid fufee i n i t i a t i o n . 

v V 
• :X 

m 
I V 
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SECRET t'IftlKG RECORD NO. Ar-20352 
oh iSET 2 OF 3 ' 

RESULTS 

i o 90am Al' r33E7 Shot 

• -irl 

a « f i v e rounds of ydmm AP T33J37 Shot were f i r e d a g a i n s t the f o u r inch p l a t e a t 
l p ° o b l i q u i t y . The s t r i k i n g v e l o c i t y of a p p r o x i m a t e l y 20;j0 f p » vms some 300 f p a a b c r e '„L/ 
the e s t i m a t e d b a l l i s t i c .lirr.it of the p l a t e , o t e e l l i n e r s were used in a l l c h s r g a s t e s t e d %>?. 
a g a i n s t the -yOnm, J h o t . ^ 

' *« V#ff̂  ' 
(1) The Line Charge c u t t i n g f r agmen t s m l s i e d t h e f i r s t 90nm rcund ( t e s t 

round no, 3 ) ; the r e s u l t was a complete p e n e t r a t i o n of t h e p l a t e . 
' *W 

U ; &ach of tha n e x t t h r e e rounds ( t e s t rounds n o s . U, 5 , and 6) was s t r u c k 
fcy .the c u t t i n g f r agmen t s of the Line Charge and was unab le t o p e n e t r a t e t h e t a r g e t } a 6" 
d iameter scoop of l'1 to 1 1 / V dep th was produced by sach r o u n d , ''fM 

As ah 
The 

(3) A smear type photograph ( see APG ftiotc b2 l67) was made of one r o u n d . • 
hown by the photo , Line Charge f r a g m e n t s ha^e succeeded in b r e a k i n g t h e p r o j s c t i l a , 
e n t i r e o^ ive has been broken o f f . .*•'--N&88 

t . Four rounds of 90mm AP Shot ( t e a t rounds n o s , 7 . % 9» and 10) were f i r e d a t 
a v e l o c i t y i nc r ea sed t o a p p r o x i m a t e l y 2500 f p s , with the armor a t 15° o b l i q u i t y ' . Bach 
rcuijo .T,t»Je a ccaip 1-.*te p e n e t r a t i o n of t he t a r g e t o The e f f e c t of t he Line Cnarge f r i | M B t l -
on t he se rounds i s unknown s i n c e no high speed motion p i c t u r e s were o b t a i n e d , 

2 . Iu6mn a h e l l , LSHT, TU9E11 (U}kU) 

a . Ten rounds ot ICfcmm r e c o i l l e s s h£AT ammunition were f i r e d a t a p p r o x i m a t e l y 
1600 Lps with the t a r g e t p l a t e a t 30° o b l i q u i t y . Copper l i n e r 3 were used i n the Line 
Char c es s u p p l i e d f o r t h i s phase , 

(1) ~ix 106mm rounds ( t e s t rounds n o s . 1, 2 , 3, h, 6 , and 7) were e v i d e n t l y 
s t r u c k by the Line Charge f r a g m e n t s ; t he e f f e c t of t h e s e on the t a r g e t c o n s i s t e d , in 
eacn c a s e , of f ragment gouges and smal l j e t p e n e t r a t i o n s (0" t o 2 ^ " ) of t h e armor. 

i rags, en is 
(2) Two rounds ( t e s t rounds n o s . 5 and ')) a p p a r e n t l y were missed by t h e main 

the Line Charge. iacn of the "twc rounds comple te ly p e n e t r a t e d the t a r g e t and 
produced r e s i d u a l p e n e t r a t i o n s of app rox ima te ly 2" in a v e r t i c a l back-up armor p l a t e p l aoad ^ • 
eleven feet behind the target. he t a r f a e t . .«%j 

(.3) One round t e s t round no . 0) e v i d e n t l y was missed by the main f rnj jnt i r t f .V 
x the u ine Charbe and a l s o f a i l e d t o f u n c t i o n by f u s e a c t i o n . This round d e t o n a t e d d u r i n g :• < 
r u s h - u p a g a i n s t the p l a t e w i t h o u t f o r m a t i o n of a j e t . The s o l e e f f e c t on the t a r g e t p l a t e "̂ 0 

e t e r d e n t , app rox ima te ly l/u" deep . ./>!$& 
.. . 
vL/ One calibration round (test round, no, 10) was fired without use of the 
ailed to functior 

cr 
was a 

C h a j I t , 
of a j e t . R e s u l t s *e 

f u n c t i o n by f u s e a c t i o n and de tona t ed d u r i n g c r u s h - u p wi thou t 
r« i d e n t i c a l t o those of Rotind- 3 , * -• • /• 
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JcITüILED  RS^'JLTo   OF   TEST 

Inoloaura 2   provides   rcuna-by-rcur.d   firing  data  and   resuita. 

üBSi^RVh.RS 

Other  th&n ERL ana  U&FS  personnel  conducting  the  taet,   no obt^rvra were pre««nt0 

APffiOVEi)! 

■ A/  ■ 3^7/^ 
Chiaf^   Anus 4 Aßanunition 

Wo   C 0   PLEo S 
Chief,   Armor  iiranch 

INCLOSURES:.' 
!„   Oistrihution 
2,  Firing' DatÄ 
30   DeEcription of  Tricaring Jystena* Line   Charge Sketch 
Lt.,   ARG  fhptcs   BSG^u,   B2055«   B2167 

J.   C.   G1LLETT 
Lt.,  Ord  Corps 
Proof   Offtoar 

^ cita e siM^i ■*■ i 
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DISTRIBUTION 

Chief of Ordnance 
flashiagton 2$, j . c, 
A t t n : ORDTA 

ORJTfl 
ORDTT 

Commanding . * r , » r a l 
P i c a t i n n y A r s e n a l 
Dover, New J e r a e y 

Commanding O f f i c e r 
Detroit A r s e n a l 
Cen te r L ine , Michigan 
A t t n : ORiltt-SCC ' 

ORjux-KCi: 

Comn.anuing O f f i c e r 
Watertown A r s e n a l 
•VatertovYr. 'i2, teaasachusetta 
A t t n : Labora to ry 

s-.R~WpT 

FIRING RSCORi) NO. At-20352 
INCL03URE 1 

1 copy 
1 copy 
1 copy 

1 copy 

1 copy 
1 copy 

1 copy 

A g e n c y 

1 copy 

A1V L ia i so r . O f f i c e r 

TffiUt9:." ITB':^ G r o u n d ' M a r y l a n d 

Weapons Systems L a b o r a t o r y 
Ba. . i s t i c Resea rch L a b o r a t o r i e s 
Aberdeen Proving Ground, Marylond 

le rHiHal t i a l l i c t i c L a b o r a t o r y 
B a l l i s t i c Resea rch h a b e r e t o r i e a 
Aberdeen f r o v i n c Ground, Maryland 

xechnica 1 I n f o r m a t i o n branch 
Aberdeen Pre- :.n,_ Ground, Maryland 

5 c o p i e s 

1 copy 

1 copy 

I copy 

L r i f c i n a l an^ 1 copy 

Or < iiners on it, 0 Pugh 
Can . eg i e I n s t i t u t e of Technology 
cJchenley i-fcrlc " 
Pi ttsburgh, PenusyIvan ia 
THRU:- Pittsburgh Ordnance District 
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DiSCBlPTIOM  CF  TRIttOiflRING  STSTSSN 

Schama.tl^^f...aBL>TüL)  Tri^Tin^'  Sy«te« for  Initiating 

1,     Scheaiatlc   Dia^rajn; SEGBEI 

BOHö   FfiOÖf- 

HO VOLT 
tNPor A. 

0^ 

/>/ TiATING     SCfi££NS 

SPCClAL    //O V.    SOCKET 

2.     Safety  '/•"eaturBs: 

LtN£    I  £ 
CMAROe f 

A c. SUPPLr 
0. 

A   Bpr-cial  connecting   socket   for   110 
aan  until   b«   is   in   shelter. 

input  kept   by  deciolltion 

3,     DIDT  »witch   in  insulated  box,   cloaad and   etiorted  to  ground  In 
peraor.nel  bonbproof   , «witch opened  juet  prior  to   firing when all 
personnel  are  under cover). 

mm iii 

5^ 
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2. 

i> 'SOI1!. '.■ 10/   GF   IJtlG-il-i .hilnj 

>afety Features:     continued 

G.     Hcreons  checked for  infinit^ WlfiilMil^ti 6000 volt«. 

D. i-ower supply ehorted to ground prior to firing; un«hort«d before 
each firing; shorted after each firing. 

E, M36 detonator installed by demolition a&n  in usual manner (leads 
attached, then M36 inserted into booster through hole in 
supporting plate for charge). 

S-«TCH   OF   LIN;:   CHARGE 

C»m^.B f/^) ^ 

Sfee/ ßabGy 

f- c    of   C O 

SE&ai: l^iL 
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I B2054     C ONFIDENTI AL ABERDEEN PROVING GROUND T 13 September  1954 
Project No.   TB3-1224B,     Testing  of Special  Plcatlnny Arsenal Device, 

Front   view  of  the   4"   target  plate   used  during  the   test of   the 
Plcatlnny Arsenal  Device  versus   the  Shell,   lOSinra,   HEAT,  T119E11 
{M344).     Ten  rounds  were  fired;   rounds   3  and  4 are   not  marked 
since   only negligible  scarring resulted from these   rounds. 
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B2056     CONFIDENTIAL       % ABERDEEN PROVING GROUND 8 13 September  1954 
Project  No.   TB5-1224B.     Tasting  of  Special   Picatinny Arsenal Device, 

Front  view  of   the   4"   target  plate   used  during  the   test  of  the 
Picatinny Arsenal  Device   versus   the  90nin APT  33E7  Shot.     Eleven 
rounds  ware  fired.     Rounds   1 and  2 were   fired without use  of  the 
Picatinny  Device,     Round   11,   badly broken before  striking  the   plate, 
is   indicated by   the  circled areas. 
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B2167 CONFIDENTIAL J ABERDEEN PROVING GROUND 8 20 August 1954 
P r o j e c t No. TB3-1224B. Tea t of S p e c i a l P l e a t i n n y A r s e n a l Device . 

S h o t , 90mm, AP, T33E7 (Round No. 1 1 ) , b roken i n f l i g h t by f ragments 
of m o d i f i e d c u t t i n g c h a r g e . 
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FIRING DATA  -  PAD  73  S>CMI  HEP 

RD.  NO. 
svcfpsy 

TRIGGER 
SCREEN 
DI3T.   TO 

PLATE 

None 
Used 

RESULT 
OK  PLATS 

Spflll 

DIST.   PAD 
BEI/3W 

PRJJ   (Z) 

No  PAD 

DIST.   PAD 
OFF-SET FROM 
L OF FLIGHT 

«vFP.RFl 

DI3T.   PAD 
TO  PLATE 

PAD LINER 
ANGLE 

i 
Not Me as. 

-#-K- 

2 None 
Used 

Spall No  PAD UEJUIIL 1 - -«-«■ 

3 Al.LIesh 
30" 

No 
Spall 

18" U" 32" ll|0O 

U 
2332 

Al .Mesh 
30" 

No 
Spall 

30" 6" 32" lUo0 

5 
2331 

Al.Foil 
30" 

Spall 60" 10" 32" iU0o 

6 
2336 

Al »Foil 
30" 

Spall 60" 10" 32" lilO0 

7 
233h 

Cu.Mesh 
30" 

Spall 1*5" 6" 32" mo0 

8 
2358 

Cu.Mesh 
30" 

Spall U5" 6" 30" 115° 

9 
236I 

Cu.Mesh 
30" 

Spall 15" 6" 30" --JHH*- 

10 
23li9 

Cu.Mesh 
U3" 

Spall 30" 6" IT 165° 

11-» Cu.Mesh 
30" 

No 
Spall 

18" 6" 32" 115° 

12* Cu.Mesh 
30" 

No 
Spall 

30" 6" 32" 11^0° 

13* Cu.Mesh 
30" 

Spall U5" 6" 32" iU0o 

lh- Cu.Mesh 
30" 

Mo 
Spall 

30" 6" 32" 115° 

1^- Cu.Mesh 
30.5 ft 

No 
Spall 

30" 6" 30.6 ft lii0o # 

16* Cu.:iesh 
30.5 ft 

Spall 16" 6" 30.6 ft liiO0 

17 
2020 

Cu.Mesh 
30" 

Spall a5,l 6" 
SECRET 

32" lUo3 
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KP. NO, 
gr    (fpa) 

18 
2320 

19 

S TRIOGSR 
SCREEN 
DIST. TO 

PLATE 

Cu.Mesh 

Cu.Mesh 
3h ft. 

FIRING  DATA  -  PAD  VS  901 Z.l  HEP  (CONT'D) 

DIST.P D      DIST.  PAD 
BELOV/      OFF-SET FROM    DIST. PAD 

PROJ  (Z)     L OF FLIGHT       TO PLATE 
RESULT 
ON  PLATE 

Spall 

Spall 

k5" 6" 

6" 

3^" 

31; ft 

PAD LINER 
ANGLE 

iho0 

iho° M 

* Velocities not measured.    Estimated: 232O-23J4O f ps. 
«•» Calibration of Ammvinition 
*♦» PAD not initiated 
# Fastax films taken 
## Missed screen 

SECRET i? 
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FASTAX FILL: AND  .MTNI^SS  PL.'.TE TRIALS 
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I. PHASE I 

A.     PURPOSE 

To obtain iVagment velocity and penetration data, using mild steel target 
witness plates. 

B.    AIMUNITIOK SECRET 
Two pads with lk0o  copper liners. No, 1 was statically detonated with base 

parallel to ground^raild steel laminate 66 inches overhead. Laminate consisted of 
two 12 gauge sheets followed by lA inch sheets. No. 2 was detonated with base 
perpendicular, in longitudinal direction (B), target 66 inches away. Both charges 
were photographed by Fastax camera to obtain fragment velocity data, 

C. PADS 3 and U 

115 degree liners, detonated like No, 2 except that laminate of witness sheets 
consisted of one 12 gauge mild steel sheet followed by 1/k  inch mild steel sheets. These 
charges were detonated for fragment distribution data, (See Plots 1,2, and 3), Pad No, h 
was modified to simulate combat conditions as follows: The liner trough or wedge angle was 
filled vd.th moist soil scraped in the test area. This dirt filler was held in place by 
masking tape. The charge was detonated against the same setup as was No, 3, A sumnary of 
fragment penetrotion and distribution data is given in Plots 1,2, and 3» 

II.  PHASE II FRAG'JJ'TATION CALIBRATION 

A. FJR.'OSS 

To obtain an indication of PAL) fragmentation efficiency and penetration capa- 
bilities by comparison with available devices using lesser weights of explosive, 

B, PROCEDURE 

Two 2 inch I.D. black pipe nipples and four 2 1/2 inch I.D. galvanized pipe 
nipples were capred at one end.    Each was then filled lengthwise with an    inert mixture 
(Plaster of Paris) for one  half of the nipple diameter, looking in section like this: 

Qooster 

The  plaster  filling was then drilled thru,  at the canter of the nipple length,  for a 
tetr%l boost r pellet.    The remaining semi-circular section was then filled with explosive 
C3.    A tabulation  of the  pine  charge characteristics  follows: 

JECRET 
^ 



SECRET 

C. PIPE CIIAUGE DATA 

Pipe    ID 

Pipe OD 

Pipe Length 

Pipe Type 

7/t Charge 

VI PLpe, two Steel Caps 
(at ends) & Inert Load 

Wl of Single Cap 

Wt as fired w/one cap 

D, RESULTS 

SECRET 
2 inches 

2 3/16 inches 

6 inches 

Black 

.53 /.03 lb C3 

ii.75 lbs 

1.15 lbs 

5.3 AlO lbs 

2 1/2 inches 

2 13A6 inches 

10 inches 

Galvanized 

1.3 lbs C3 

10.2 lbs 

2.15 lbs 

9.3 £.10 lbs 

1. Whon the 2 inch pipe nipple was detonated from a position with its 
axis parallel to the ground, the frapnient pattern obtained was apparently too 
limited to be comparable to a PAD,    The next clxrge used was the larger diameten 
longer, 2 1/2 inch I.D. nipple.    This charge, effectively a miniature bangalore 
torpedo^was detonated with  the   axis perpendicular to the ground.    The large angle 
of fragment distribution is apparent from APG photo^Taphs B5971-73.    This pattern 
might he considered inherent in the shape of the charge casing.    Also noteworthy- 
are { reduction in numbsrs of fragments for t e thick steel pipe casings and 
greater propjrtion of penetrating fragments in later witness sheet  (No.3). 

2. A tabulation of fragmentation data for the  first of each type of pipe 
nipple and the four PADS detonated in the last phase of this program is given below. 
Two additional  pipe nipples of each type   (2 inch I.D. and 2 1/2 inch I.D.) were 
detonated .with axis vertical.    Fragmentation data, density>and numbers of Indentations 
in each mild steel witness sheet are  summarized in Plots 1,  2,  and 3 which follow. 

SECPET fO 
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MILD STEEL WITNESS PLATE FIRINGS 

SPEiE/D( ') OF ^RPHAB w *   TOTAL 1 flO. OF D3JSITY OF 
WITNESS 
PLATES 

INDEtvrTATIO!;S PENETRATIONS 
TAT IONS 

-  m'E- 
TRATIONS 

INDEN- 
TATIONS 

PENE- 
CHARGE VERT. EÖRT VStT. HÖR. TRATIONS 

Large . areas of 
PAD H 10 ga 10 51 ICNSUi 51 tiny & large Too hig 

.23/ft2 
hi to con; 

IhOP Liner 12 ga 10 51 6 32 117 23 .12/fV 
lA" 8 k2 6 23 65 6 .20 .Oli 
lA" 8 35 - 23 3h Ii .12 

PAD #2 Very- 
11^0° Liner 12 ga 21 ko 21 UO Large 25.3 » .30 

12 ga 21 ho 21 ko n 60 . .0? 
1/ii" 21 ho 16 29 16h 

! 
.20 .01 

lA" 30 36 - - 13 .02 - 

STEEL PIPE NIPPLES 

Pipe #1 12 ga 36/ U 36/ Ik m § m 7.12 
2" ID 12 ga 36 / u 36/ Hi 51 .10 .02 
Axis at lA" 36/ Ik m 16 — .03 • 
0° elev. 

Pipe #2 Over Over 
2 1/2" ID 12 ga 2h 8 ft 2h 8 ft Large 118 Large 7.08 
Axis at lA" 2k rt ~ 83 •• 5 9.3ii 
90° elev. lA" 2h it — - 

Very- 
1 3.06 

PAD #3 12 ga hB 15 55 Large ~ — 
115° Liner iAM 27 ua 12 55 ii 16 21.3 1.7 

lA" 15 ia - ia — 9.6 
iAn 12 u •• - 19 — 

Approx, 
5.5 - 

PAD0#U 
115° Liners 

12 ga 30 35 30 35 Large 
2.08 

75 Large 10,26 
lA" 30 35 0 20 2 28.5 _ 
lA" 2k 32 - - 13 - 2.1i m 

lA" Center of Plate 2 — — 

* Sandy loam loosely held in wedge by masking tape. 

SKCRET 4/ 
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APPENDIX F 

APG  PHOTOGRAPHS NOS. B5968 THRU B9973 
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B5968 SBCRBT T ABERDEEN PROVING GROUND 24 January 1955 
Project No.     TB3-1224B.     Teaö of  Picatinny Arsenal Device   (Pad).     Pene- 
tration into Mild Steel. 

Pad Ho.   2.     Fragment damage  66"   from charge  in first  sheet   (12  ga.) 
of witness  plate  laminate. 
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B5969 3ECHKT 8 ABERDEEN PROVING GROUND 8 24 January 1955 
Project Ho.  TB3-1224B.     Test of Plcatlnny Arsenal Devloe   (Pad).     Pene- 
tration Into Mild Steel. 

Pad No.  2.     Fragment  damage   66"  from charge  in second äheet   (12  ga.) 
of witneas   plate  laminate« 
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B5970 SECRET i ABERDEEN PROVING GROUND 8 24  January  1955 

Project  No.  TB3-1224B,     Test  of Ploatlnny Arsenal Device   (Pad).     Pene- 
tration  Into Mild Steel. ,     , /, /.«% 

Pad No.  2.     Fragmont  damage   66"  from  charge  In third sheet   (1/4") 
of witness   plate   laminate. 
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BS971 3BCRET    ""^     t ABERDEEN PROVING GROUND ft 24 January 1966 
Project No. TB3-1224EU    Test of Ploatinny Arsenal Device   (Pad).    Pene- 
tration Into HiId Steel« 

Speoial Derloe No. 2.    Fragment damage 66* from charge in first 
sheet   (12 ga.)  of witness plate laminate« 
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B5972 SECRET & ABERDEEN PROVING GROUND 8 24 January  1955 
Pono- Projaot No,  TB3-1224B.     Test of  Plcatlrmy Arsenal Device   (Fad), 

tratlon Into  Mild Steel. 
Special Device  No«  2«    Fragment damage  66n  from charge  in second 
sheet   (l/4n)  of witness  plate  laminate. 
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B5973 SECRET i ABERDEEN PROVING GROUND $ 24  January 1955 
Pene- 

Project No.  TB3-122«.     Test of  Plcatlnny Arsenal Device   (Pad). 
tra|o«laf S<$"  Nc!^:     Fragment  da^ge   66"   from charge  in third 

sheet   (X/4")   »» «itness   plate   laminate. 
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I.    INTOODÜCTION: 

A.    DISCUSSION 

1,    On 28 July 1953, a conference on Defense Apainst Shaped Charges was 
held at the Ballistic Research Laboratories, APG,   This conference rusulted in the 
formation of the Ordnance Corps Committee on Defense Against Shaped Charges.*   At 
this same conference,  a unique method of defense against shaped charge missiles, 
evolved by Plcatinny Arsenal personnel, was described.    In this method, a lined 
explosive charge,**triggered by an incoming projectile,  produces a sheet of 
fragments in a plane roughly normal to the trajectory of the missile.    These frag- 
ments strike the HEAT shell body arid so damage it that the shell loses its 
penetration capabilities.    The application of this device then envisioned was the 
setting of a series of such charges on the stowage boxes, fenders  and turret 
periphery of a tank,  as necessary. 

2, The lined explosive charge d**i*rt«iTOH"Initially was referred to as a 
"linear cutting charge," after the British terminology.    It was described more fully 
at the first meeting of the above-mentioned Committee on 25 September 1953. 

3. At the meeting in September 1953,  the charge model was described by 
Picatinny Arsenal as approximately eight inches long,  carrying a little over a 
pound of explosive, with a T18 detonator and annular booster near each end, making 
for two-point initiation.    In the first tests by Picatinny Arsenal, seven 3.5 inch 
HEAT M28A2 rockets were fired at armor plate, first striking a pair of alumimm foil 
electric-det mator triggering screens in fVont of the plate.    These screens, on 
short-circuiting,  permitted the  detonator system to initiats the charges.    No 3.5 
inch rocket round penetrated more than three-fourths of an inch of the armor against 
which it was fired. 

U.    The suggestion was made by the D&PS representative at this meeting 
that such a device was potentially even more valuable against other missiles than 
HEAT.    This was predicated on two possibilities: 

a. Effective breaking up or cracking of a large caliber armor-piercing 
shot might be achieved by the impact of liner fragments on the projectile body. 
This aspect was investigated in the tests to be described, 

b. The  impact of a liner fragment of sufficient momentum mi;-ht deflect 
or upset the target missile by ar amount sufficient to prevent complete penetration 
of the target armor.    An elementary study of this aspect indicated that upsetting a 
large caliber projectile of the AP or AP HE type by fifteen degrees   (a conservative 
guess of the amount necessary to degrade the penetration capability of typical AP 
projectiles fired against oblique  armor) requires an inordinately large fragment 
momentum.    A limiting condition is the distance the missile must travel, before it 
strikes the target  armor, after being hit by a liner fragment, 

5.    a.    A basic limi ation of the method of defense by this explosive device 
is the necessity for a reliable and accurate  sensing and triggering system.    One 

«    Ref.: Letter f r-m ORDTB, File No. 3.U/921,  AP ; 337/900 
■a*      See .sketch in Appendix B 

5 
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reason given for the relatively slow development of the charge is that without an 
automatic, q\iick-*cting,  sensing and initiating system,  it is  relatively useless 
for its intended purpose, ~ _ -  _ mui b#    Considerable procreBsTuHf MeflPnAde, however,  in the direction of 
developing a sensing and triggering system, under project DASH DOT, Ordnance Project 
No. TA3-$20l4,    Under techiical supervision of the Flcatinny Arsenal, the United Shoe 
Machinery Corporation has developed an electronic mechanism system for the purpose 
described above. 

c, The following is a description of the system provided by the 
contractor in a progress report» 

A method using C,7ir.X, band radar has been tentatively adopted for 
the detection of attacking missiles.    Missile velocity is determined by the doppler 
frequency produced by the impact of the transmitted energy on the approaching 
missile.    The range of missile velocities involved requires the production of a 
time delay which increases as the missile velocity decreases^ in order that all 
missiles may be in the same vertical plane at the instant of detonation of the linear 
charge which is used to defeat the missile.    The delay required for all missiles 
between 200 and 3000 feeVper-second velocities has been worked out, theoretically 
resulting in all missiles being in the same vertical plane £ l»h2 inches over a 
vertical distance of $ feet.    Various methods of developing the required delay 
have been explored and a breadboard model of a simple and reliable method has been 
constructed.    The delay available has been extended to 3800 microseconds maximum, to 
include low velocity missiles arriving at extreme  angles of obliquity.    The radial 
velocity of a 200 feet per second missile may be only 6? feet per second,  producing 
a doppler frequency of some I36O cycles per second,    A "missile simulator" in which 
Styrofoam cylinders are propelled along a plexiglass tube has been constructed to 
enable preliminary tests to be run in the laboratory.    Missile velocities in excess 
of 3^0 feet per second have been obtained in the  "simulator" and velocities up to 
f>00 feet per second should be possible with increased air pressure, 

d, A description of the instrumentation used is provided in the  January 
1955 progress report by the same agency, 

e, A. test with the breadboard model sensing dynamic«lly-fired artillery 
missiles was described at the meeting of the Ordnance Corps Committee on Defense 
Against Shaped Charges on 1 Nov 1953',    The test results were  generally satisfactory, 

f, A second limitation of the device in its  present form is that 
connected with exposed mounting on a vehicle,    Vfith the  apex of the liner in normal 
position,  so that fragments can be  projected   upward , the device may accumulate mud, 
dust and snow in the exposed cavity.    A brief,  inconclusive test of the PAD was 
conducted in conjunction with the calibration and  high speed movie firings to 
investigate this limitation.    Some reduction in fragment energy was noted with one 
charge» 
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6. Counttnisasures that might be easployed against a auoecasful application 
of a radar-controlled FAD* «yatem to a vehicle would depend to a large extent on the 
perfomanea of the aenoing systaa and the location of the PAS. 

a.  If the chargea were mounted close to the tank surface», and aimed 
▼ertically, it might be feasible for the enemy to use and attacking HÄAT siaalla 
which attempted to detonate before the PAS did. A large diameter (6 in. and up). 
long-ogiTed, HEAT round, performing better at a long standoff than conventional ones, 
might be adequate for penetrating the tank defended by PADs, in the arrangement 
dsaoribad. 

rlwOfcJuJUl Lc b. A more TnrrTt'^J'mrmfsBcEfa incorporate the above features and a 
\       proximity fuse as well. 

c. The above speculative anti-PAS «iaaila daaigna add additional 
aupport to the Proving Ground's interest in the design and development of PAS 
type devices for other applications (i.e. anti-AP, anti-HE shell, anti-personnel, 
aatl-mlne). 

d. finally, while beyond the province of this report, it is not 
overlooked that PAS type devices may prove feasible as protective measures in some 
OS Air force and US Havy materiel. Air-to-air defense against chemical energy 
alaalles la an application worthy of serious consideration and extensive develop- 
ment. 

B. —MM 

1, Ltr, OHBTB 334/924, APG 337/900.  Subject:  Ordnance Corps Committee 
on Sefenae Against Shaped Charge Program. 

2. Memorandum from Director BRL to Director, D&PS, 2 August 1954. 

3. Memorandum from Director BBL to Director, DfiPS, 3 November 1954. 

4, Monthly Progress Eeports on Ordnance.  Project TA3-5204 (DASH DOT) by 
Beaearch Division, united Shoe Machinery Corp. 

5*  Minutes of the Ordnance Corps Committee on Defense Against Shaped 
Charge Weapons, November 1955. 

* The term PAD (Picatinny Arsenal Device) was proposed by the D&PS and accepted 
by the Picatinny Arsenal representative at a Committee meeting. 
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II.     DESCRIPTION OF MATERIEL 

A.    Some modification of the first demonstration model of the Picatinny 
Arsenal device was effected by the Terminal Ballistics Laboratory, BRL,    A 
single point initiator  (106) was substituted for the twin initiators hitherto 
used« 

1, A flash radiogrlpfr'OTf Ins^frilgment pattern of such a charge is 
provided in Vol. I, No, 2 of the Ordnance Corps Shaped Charge Journal, Oct. 
5U,(Pages   876-277). 

2, This radiograph shows the divergence and critical curvature of a 
single-point Initiated sheet Jet»    A 3-point •initiated charge with an essentially 
straight front, had interacting Jets where the main fronts met at the liner*   This 
charge had a ninety degree wedge angle with a   1/L6    inch copper liner.    For the 
dynamic firing teats described herein,  the TBL* BRL versions of the PAD were used • 
A sketch of a typical PAD is provided in Appendix B.    The devices used were ten 
inches long and loaded with 1.67 lbs, of C3*    In section the steel or copper liner 
resembles the letter M.    The interior angle was usually large, ranging from 115 
to 165 degrees for different liner designs and materials. 

B.    Target armor for the dynamically—fired projectiles was rolled homogeneous 
armor of varying thicknesses and obliquities»    Thickness and obliquity were combined 
so that the projectile could defeat the armor unless degraded by the PAD fragments. 
Major items used are listed below: 

PROJECTILE WEAPON ARMOR OBLIQUITY 

9aaB AP, T33E7 Gun, M3 h inches R.H, 15° 
9Ctem HKfwr, Tlli2E3 Qun, T119 2 inches R.H. 55° 
106«a HEAT, T119E11 Rifle,  M70 h inches R.H. 30° 

III. DETAILS OF TEST 

A.  PROCEDURE 

1. For the major test phases, i.e., defeat of dynamically fired missiles, 
the target armor was placed in pla^e butts to provide obliquity in the vertical 
plane. The charges (PADS) and triggering screens were then positioned on the ground, 
usually a few feet . from the armor. These distances were changed as test requirements 
dictated. The vertical and the horizontal distances between the charge and the 
trajectory of the attacking projectile were varied for different projectiles. 

2. '.Then the projectile was fired at the target amor, it passed through 
and short-circuited a pair of closely spaced aluminum foil or wire mesh screens. 
This permitted initiation of an M36 electric detonator which in turn initiated the 
PAD, A successful PAD was one which prevented complete penetration of the armor, 
by the attacking (target) projectile, 

3. '.Then test results dictated, fastax films viere  taken to obtain data 
on  the behavior of the PAD fragments and on the target projectile. 
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k»    To obtain data on PAD fragment velocity and penetration characteristics, 
special detonation tests were conducted in a final test phase.    PADa were detonated 
so that fastax films of fragments striking mild steel plate could be made»    The 
time interval between the detonation and the flash caused by a fragment striking 
the tarret was computed from the film.    Since the charge to#»Ukiia^iifi1iaafift was known, 
the velocity of the fastest liner fragments was determined." •SOTT 

5.    The PAD liner fragments were checked for depth of penetration into 
raild    steel, both with and without a filling of mud in the liner wedge.    It 
appeared that such penetration was limited for the weight of explosive used. 
Accordingly,  a crude comparative fragmentation test was devised, 

a.    Locally available steel pipe nipples, 2 inches ID by 6 Inches long, 
and 2 1/2 inches ID by 10 inches long, wore half-filled, axially, with plaster of 
paris,    A hole was drilled In the nipple wall at mid-length, thru the inert filler, 
to house a tetryl pellet.    Explosive C3 was then pressed into the remaining semi- 
circular segment of the pipe, for its full length.    In s ection, the pipe looked 
like this: 

Tet^l   JB y\   poostcr 

B,    RESULTS 

1,    Detailed firing data and results for the  PAD vs  90im AP T33E7 shot 
.and vs  the I06nin HEAT T119E11 are contair.ed in F.R, No. Ar-20352,  a copy of which 
forms Appendix C. 

a.    With steel-lined PADs eighteen inches below the trajectory,  PCtam 
AP T33E7 projectiles were defeated four tines in four, at projectile velocities of 
the order of 20^0 fps.    The defeated  projectiles were cracked or broken by liner 
fragments as shown by one smear type  photograph, AHJ 32167,  in Appendix Cjwhen the 
velocity of the attacking T33E7 projectile was  increased to 2500 fps,  the projectile 
defeated the target annor in the limited firings conducted.    The exact interaction 
between liner fragments and successful projectile is not known.    A change in liner 
desim or orientation may be acequate for defeating the hirher velocity projectile. 
(For attack at  15° obliquity by 90mm AP T33£7,   tha balliBtic  limit velocity of a 
4-Inch rolled homogeneous armor plat«  like the  target plate  is usually of the order 
of  1700 fps). 
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b.    With copper-lined charges at the sr-rae distance   (18 inches below 
and h inches off center of the trajectory),  several rocoilless rifle rounds, 
106nm HEAT, T119E11, were defeated.    At 29 inches below and six inches off center, 
and at fortywtwo inches below and nine inches off fiQnt&9% MW'V was successful» 
One round was fired for each condition described, ;S!CKT 

c. Several of the other rounds fired in this lO&nm T119E11 series 
were of dubious quality, however. This was evidenced by a fuze failure on a final 
T119E11 fired as a check, Without a PAD in position to attack it, this last round 
broke up on the face of the target armor plate without proper functioning, 

2,    Detailed firing data and results for the target 90mm HEP-T Tlli2E3 
projectiles, fired at velocities of the order of 2320 fps, are contained in 
Appendix D,    Copper lined charges with included angles of 115°, IliO0 and 165° 
were used.    A summary of results follows: 

PAD LINER A\'G-LE VERTICAL SrAI.'DOFF RESULTS 

(PAD below Trajectory) 

115° 1 at 18 inches Projectile defeated 
1 at 30 inches Projectile defeated 
1 at hZ inches Projectile not defeated 

IliO0 1 at 18 inches Projectile defeated 
3 at 30 inches Projectile defeated 
6 at kS inches Projectile not defeated 
2 at 60 inches Projectile not defeated 

16?° 1 at 30 inches Projectile not defeated 

3«    It appears then that vertical distances greater than thirty inches are 
too much for the  PAD, as tested,  against 90mm HEP-T,  T1U2E3, 

U.    V/hen it seemed that fragment energy falL-off or s^me similar factor 
was critical over a short distance  (i.e,, from 30 to i£"),  fastax films to obtain 
liner fragment velocity data were taken.    Inspection of films  indicated that a few 
of the fastest liner fragments were of approximately uniform velocity  (11,000 fps) 
over a six foot distance.    Velocity data for most liner fragments was not obtainable 
by stand.-ird  high speed photography methods, 

5, Static detonation of the charge for fragment penetration data 
indicated fairly limited spread aid  penetration.     (See  Appendix E and  Photos)» 
Corny arable penetrations and wider spread were obtained usinr locally available 
2 l/2 inch galvanized steel pipe nipple and lesser- explosive charge weights, 

6. Vfhen  the wedge or cavity of one charge was  filled with moist soil, 
a fal1-off in fragment penetration was observed. 
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c.   QBsravATioss 

1,    a.    The defeat of attacking chemical energy aoHBition  (HEAT,  fiEP-T) 
resulted from hiph order detonation of the explosive charge^ This, in turn, resulted 
from copper-liner f ragraent penetration of the shell body( 

b,    A high order detonation of an incoming ndBsCTeThäy TO undesirable* 
for the vehicle bedixg defended.    Attempts to defeat chemical energy ammunitior by 
lower energy particles may be desirable from this standpoint as well as Trom the 
standpoint of reducing the amount of explosive filler in the defending charge, 

2,    The maximum vertical distance required between incoming missile and 
liner varied with each type of missile.    For defeatinr kinetic energy rounds,  a 
shorter distance may be required.    If this is so, a determination of the major 
missile targets should be made.    This re-evaluation of the mission of PAD type 
devicef is necessary because of the possibility of specially designed ammunition 
of the HEAT type which might frustrate  such a device  (See IA-Oiscussion), 

D.    OBSERVERS 

In addition to DiPS and BRL personnel directly connected with these firings, 
the following were present for some phases of the HEP-T firings s 

Mr.  Paul  .Tillner - Picatinny Arsenal 

Mr,  J, L, Min to - United Shoe Machinery Corp, 

IV. COMGLUSIONS 

A, The  PAD  (Linear Ci;ttin£r Charge)  as tested offers considerable promise for 
protection of armored targets  against chemical energy ammunition of the HEAT and 
mP type, 

B, The device also offers considerable,  if not superior promise for use against 
high explosive shell, a rmr piercing projectiles and similar artillery anmunition, 

C, As  tested, the  performance against  pölM AP ammunition fell below that 
against HSP-T and HEAT. 

D, The tactical performance of such a device may be limited by environmental 
conditions  such as terrain,   sno-w, dust,   etc, 

E, The test data does not permit selection of an optimum liner material or 
configuration until tactical objectives and limits of performance have been 
established, 

* Large caliber HE filled shell may cause serious blast damage on the  tank exterior. 
Fragments resulting from a high order detonation would also be a serious damage  threat, 
A low-order detonation,   or mere   shell break-up,  is therefore preferable, 
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V.       RECOMMENDATIONS 

„SEJIBEI A.    The developi>ent of expÄresv^^uM linir combinations should be extended 
to provide a determination of the most effective system, 

3*    The application to defeat foreign HEAT and kinetic-energy artillery 
ammunition should be stressed in future development, 

C, Increased versatility of the device should be a major objective in future 
design, with some attention to anti-personnel utilization. 

D, Tests to determine operational suitability on a moving vehicle should be 
initiated.    Performance under varying weather and terrain conditions should be 
investigated, 

E, Specific military characteristics should be made the basis of future design 
These characteristics should take into consideration the limitations and potential 
versatility of the charges tested as described in this report as well as such 
obvious considerations as safety of tank c rev/s and tank-accompanying infantry. 

ARTHUR PtLLEKSDOfiT 
Eng, Ordnance 

^ 
1 

S.  GOOiTvVIN 
Assistant Director for 

\Jilr>£ineer;!ng Testing 
Develofiae it k Proof Services 

Ass^stax 

J- 

HERBERT L. ROSENBEHO 
Chief, Terminal Ballistics 

1 
Division 
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APPENDICES 

APPENDIX A - Correspondence 

APPENDIX B - Sketch of PAD 

APPENDIX C - Firing Record Ar-20352 

APPENDIX D - Firing Data and Results  - PAD vs 9Ctem HE-P 

APPENDIX E - Witness Plate and Fragmentation Data 

APPEJIDIX F - APG Photographs Nos.  B^968-B5973 inclusive, 

1956 

\J2> 
. SECRET ,      /. |-^ 



/ 

sttfttf 

APP3NDIX A 

CORRESPONDENCE 

1, Interoffioe Memo from Director,   BRL to Director,  D&PS 
dated 2 August 195U with Ist Indorsement dated 19 October  I95I4. 

2, Interoffioe Memo from Director, -BRL to Director,  D^PS 
dated 3  November  195U 

3, Letter,  File APG (S) Itflfil,  00 1+3-/8892 
k. Teletype 0RDBB-TR1    TT8696    22706 7  195U 
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COPY- SECRET 

Request for Firing of 90ian Kinetic        1st Ind    Mr APillersdorfAlc/23229 
Eiiergy Rounds and 105>n 
HEAT Rotmds 

Director, Developnent & Proof Services, 19 October 195h 

TO:    Director, Ballistic Research Laboratories 

1, The dynamic firing test requested has been completed. Firing data 
and results are contained in Firing Record AR-20352, copies of which are to 
be forwarded to both "feapons Systems and Terminal Ballistxcs Laboratories« 

2, As pointed out by the D<?cPS representative at meetings of the 
Coanittee on Defense Against Shaped Charges the Picatinny Arsenal Device 
offers particular promise against non-HEAT rounds.    The 9CBim IP  T33E7 
round is the most severe test of the device.    At very low remaining 
velocities  (20^0 fpr or so), the round was totally defeated four times 
in four.    At 2^00 fps or so,  the ch rges provided by TBL were unsuccess- 
ful in stopping the round.    Since appropriate development testing of this 
device has been so limited to date D&PS has proposed to test various modifi- 
cations and applications of this device, particularly aerainst foreign 
ammunition.    Replies from ORDTA, ORDTB, and ORDTT are presently awaited, 

3, In view of the SECRET classification of results on this project 
by Picatinny Arsenal,  this correspondence is being upgraded accordingly. 

T. F. COLLERAN 
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COPY OF CONFIU!J:TJ.AL OFFIC-  WSmAMDUU FOR FILE 

Ur Kirkpatrick/ccw/22261 
2 August 195k 

TO :    Director, Development L Proof Services 

FROM      :    Director, Ballistic Research Laboratories 

SUBJECT:    Request for Firing of 90nim Kinetic Energy Rounds and lO^mm 
Recoilless HEAT Rounds mm 1, In connection wTf IfRrorlc onthe defense arainst shai«d charge weapons 

a method has been proposed by people at Picatiny Arsenal and has been tested 
to some extent by members of the Terminal Ballistics Laboratory. However, to 
determine the full value of this type of defense it will be necessary to fir© 
full scale dynamic rounds. 

2, This form of defense consists of a line charge, fired by electronic 
means, to damage the shell befoiv it arrives at the armor. Conversation with 
Ilr. Cronman of TBL indicates that charges are available and that they can b« 
prepared for these tests. It is desirable that the results of these tests be 
available for the next meeting of the Committee on Defense Against Shaped 
CharFes 26 August 19$k* 

3, The test desired would consist of 10 rounds of 90nBn JIP fired into an 
armor target protected by this device. The other test would consist of 10 
rounds of lO^mm HEAT ammunition fired from the 105n»a recoilless rifle. The 
armor for this second condition would be identical with that for the first 
test. It is desired that high-speed motion pictures be made of the terminal 
effects of these firings, 

I4, It is requested that 10 rounds each of the kinetic energy and the 
HEAT rounds be fired. Necessary material and labor will be charged to Project 
TB3-122i^, W.O. 962-002-00. 

5>. It is further requested that these Laboratories be notified of 
the time of the firings in order that an observer ;nay be present. 

s/ Herbert R, Dichtenmueller 
HERBERT R, DICHTENMUELLER 
Lt Col Ord Corps 
Asst to Director 
BRL 
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OFFICE UöMCRMD'JW UNITSD STATES  OOVERIftlEUT 

THRU 

TO 

FROM 

t     Chief,  Weapon Syatcns  Laboratory 
Chief,  Terminal  Balliatios   Labora+ory 

t     Direoto rvices r.  Development flP^f'COcyt 8f* 

SEGntl 
I  Director, Ballistic Research Laboratories 

ELKi rkpat ri clc/ah/2226l 

UATEs  3 November 195^ 

SUBJECT» Test of HEP vs Line Oiarge 

1. It is requested that 90mm HEP ammunition be fired t-o determine an effec- 
tive method of employing the line charge for the defeat of this ^ype of ammunition 
as per conversations between Mr. E,  L.  Kirkpatrick of WSL, llr.   Kronman of TBL and 
Mr, Pillersdorf of DAPS. 

2. Twenty-five lot PA IQC-ß  HEP projectiles will be allocated for these tests 
under Project TB3-122uB. 

3. The line charges with their sensing circuits will be supplied by the TBL 
of BRL at the time of the tests. 

h»     It 5s requested that the armor arrangement for these tests be such that 
it would be defeated 100%  of the time by the 90Bun HEP round when a defense muchan- 
ism is not ueed.  The arrangement to be used will bo with concurrence of TBL, WSL 
and D&PS representatives, 

5«  It is requested that spalls resulting from any unsuccessful line charge 
defenses be recorded with their weight, description and photographs« 

6.  The tests will be interrupted at any time the BRL doems necessary for 
revision of ^he sensing device. 

7o  It is requested that 10 rounds bo fired at a condition before it is cred- 
ited with successful defeat of the round. 

8. It is requested ^"hat high speed notion pictures be taken of the engagement 
of t"he round with ^he target. 

9. It is requested that photograph« be taken of the target arrangenent before 
and after the tests. 

10. The resulte of thvse test« will be classified "SECRET". 

11. It is requested that the BRL he potifiad at least 72 hours prior vc the 
firing of these tests so that Picatinny Arsenal and the United Shoe Machine Company, 
under contract to Picatinny Arsenal, nay be notified. 

12.  The priority of this project is 1A, 

StGRtT 
/s/ E. ti.   Kirsten 
/t/ E. H. Kirsten 

Lt. Colonel, Ord lorps 
Asst. ^o Director 
Ballistic Research Laborat ries 

1 



SECRET 

1fr APiUersdorfAilc/23229 
AK}(S)li7l/31 
OOAs-18892 

ORDBO-DPS-AA 

SUBJECT:    Dynamic Tests of Picatinny Arsenal Device  (Cutting Charge) 

TO: Chief of Ordnance 
Department of the Army 
Washington 2$, D, C, 

ATTENTION; ORDTT 
SECRET 

1,    The efficacy of the Picatinny Arsenal Device in defeating 
kinetic energy and HEAT projectiles has been demonstrated by a brief 
firing test of a modified charge provided by Terminal Ballistics 
Laboratory, Ballistic Research Laboratories*    Detailed results are 
reported in Aberdeen Proving Ground Firing Record Ar-2035>2# 

2«   Given below is a summary of results obtained for the following 
projectile types when attacked by the modified Picatinny Arsenal Device» 

a«    Four rounds of 9Ctam AP T33E7 Shot were unable to penetrate 
a kn armor plate at 15° obliquity protected by a cutting charge| the 
striking velocity was approximately 205)0 fps whereas the ballistic 
limit velocity of the plate alone was approximately 1700 fps, 

b. Four rounds of PCtom AP T33E7 Shot fired at approximately 
2500 fpe were able to completely penetrate the same U" armor plate 
protected by a cutting charge, 

c. Six rounds of 106inm HEAT anmrunition (the T19K11 Shell) 
fired at approximately 1600 fps were unable to produce penetrations 
greater than 2" in the armor plate target protected by a cutting charge, 

3» Since the 90nin AP projectile was selected as the most severe 
test projectile for the cutting charge, the potential of this type of 
device In an improved form should not be overlooked in other respectsx 

a. For use against HE shell and composite  shot  (HVAP, AP-DS, 
etc.) as well as against Soviet AP-HE anmunition. 

b. As an equivalent of appreciable  armor thickness j while 
the 90inm AP projectiles fired at 2500 fps were not totally defeated, 
they ;,iay have been upeet or degraded so that the actual ballistic 
limit velocity against the target plate would have been appreciably 
higher than the limit velocity obtained by firing against an "unguarded" 
plate. 
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ORDBTr-DPS-AA 
SUBJECT:    Dynamic TestsOtp|^f|nÄyTR'senal Device   (Cutting Charge) 

km    The cutting chargiS TfrBfKfb<f for this test had liners of steel 
for use against the AP projectiles, and of copper for use against the 
HEAT ammunition.    Results of static detonation tests conducted by- 
Terminal Ballistics Laboratory and reported verbally by their repre- 
sentatives show that steel liners In this type of charge cause more 
severe damage to AP projectiles than do copper liners.    Apparently this 
is because the larger fragments from the steel liner are able to more 
effectively damage or break up the heavy body of the AP projectiles. 
Steel liners should also be effective against HEAT ammunition although 
because of the thin wall of such ammunition copper liners have been 
found sufficiently effective.    Testing of materials to determine what 
materiel will furnish the optimum liner for effectiveness against all 
types of attack has of necessity been limited to date but needs to be 
explored fully to establish definitely the performance which can be 
expected from cutting charges.    Tests of liner materials should include 
various types of steels, steel-copper bimetallic or amalgam liners, 
cast iron and possibly titanium as liner materials, 

5>,    Since the referenced test program has been completed, no further 
testing can be planned until new directives are received» 

a.    Development and Proof Services has received a copy of a 
directive from the Detroit Arsenal, the original being in office. Chief 
of Ordnance, ORDTTj it is recommended that this directive be forwarded 
for action by Development and Proof Services, 

6,    It is recommended that Development and Proof Services be 
authorised to investigate the following: 

a. Defeat of HE,  HVAP, AP-i)S,  and Soviet PA-HE anmunition by 
cutting charges, 

b. Behavior of cutting charges against higher velocity kinetic 
energy (AP, APC) and HEAT rounds,  this to be given high priority, 

c. Testing of a cutting charge incoirporating desirable features 
of the "Claymore Device" for anti-personnel use.    This would make for a 
more versatile and logistically desirable item of anmunition:    A dual- 
purpose tank-<aounted or hand-carried grenade, 

d. Applications of modified forms of the charge as an anti-tank 
mine and as a device to defeat anti-tank mines. 

CC  OCO-ORDTA 
OKDTB 
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DEV !: PROOF SERVICES 

DE UEGRP 35 APG,MD, 

R 031837Z 

FM CO  FICATIIOTT ARSENAL T:mZR NJ 

TO CG ABSRDEBvl  PG MD 

DA GRNC 

FOR ORDBG-AA-DPS PLESS PROM ORDBB-TR1 TT8696 TOLLNER 3GD CARSON YOUR 

22706 AND SU3SEUU2NT FOKSCON B2T"'/EEK PIUSISDORF AKD WILUFER CIO! DR 

B A LLOYD AND MR PAUL WILLNSR ".TILL ATTEND TEST FIRINGS 7 DEC 195U IN 

COKIBCTION VtfTH TANK DEFEfJSE PD IN ADDITION A JtAXIlTOli OF h PERSONNEL 

FRO?.! UNITED SHOE MACHENERI CORP WILL ATTEND IN CON1ECTIOK YS.TR CONTR 

p-li9 

CFN  ORDBG-AA-DPS ORDBB-TRl TT8696 22706 7 19$h k ?-h9 
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APRENDIX    B 

Sketch of Picatinny Arsenal Device 

(Linear Cutting Charge) 
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APPENDIX    C 

Firing Record AR-203?2 
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PROVISO 
FIRING 

ABERDEEN GRudND, MARYLAND 
RECORD 

OBJECT OF TEST: 

0BVSL0PV5NT 
PROJECT HO.a 

V-

To t e a t The atfectiveness of a S p e c i a l 
P i e a t i n n y A r s e n a l . D e v i o e (Llae Ci»artja) 
i n D e f e a t i n 0 90mm AP and 106can HEAT 
Ammunition. 

. 1 4 n : 1 - ' U - 'i' f " 
J i"' e" ̂  

TB3-1221+B 

. -;'vu' v*.. rag*-* 

FIRING RECORD SOi Ar-2Q59?£f . ^ 
s»«S8f- 1 "OP 3 
DATE OF TEST $ 18 August »5U t h r u 
.. • 45 August '5U 
REFERENCE: Memorandum da ted 2 Augus t 

195U from D i r e c t o r , BRL, *• 
* t o D i r e c t o r , D4P8 
fl, 0 . : 962-002-00 j 

UQ. 

yy 

MATERIAL 
y 

Rol led homogeneous Armor P l a t e JQ", 329BHN 
Rol led Homogeneous Armor r i a t e So. x 6^" x 9 0 " , 32i4BfiH j 

1. Shell, 106mm, hEnT, T119B11 (M3hU), 
2. S h o t , 9 0 * . AP T53E7, Ammunition Lot Ifo. . n _ 
3 . P i c a t i n n y Arsena l c u t t i n g charge ( l i n e Charge) l e d cha rges p rov ided by TBL, i 

BRL. D e s c r i p t i o n : BRL Nodel 6 , loaded w i t h 1 . 6 pounds of Cora?. Bj d i m e n s i o n s t - 1 0 " l°n£# 4 
2" wiae , 1 5 /3" h i b h wi th ll+O0 "vee" sr.aped s l o t c u t l o n g i t u d i n a l l y i n t o one of t he 10" * 2" T 
s u r f a c e s . E i t h e r a s t e e l i 0 . 0o2" t h i c k ) or copper (0 .065" t h i c k ) l i n e r was assembled l u t e . : . y j | 
the s l o t . See Inclasmar* !to. 3 f o r a s k e t c h of t h e Line Charge . 

FACILITIES 

Gun, 90mm, MJ, No. 6171, w i t h Tube Sc . 2597 . 
R e o c i l l e s s l i i f l e , ICGcn, T170B1, Nc. 166, wi th Tube No. 6115. 

DESCRIPTION OF TEST SETUP 

The t a r g e t a rmor , a L" x 63" x 90" RH Armor p l a t e , *a» l eaned a g a i n s t t h e f r o n t of tb% 
p l a t e b u t t s , t i p p e d back from the v e r t i c a l s The Line Charge and t r i g g e r i n g s c r e e n * were 
t hen p o s i t i o n e d on t h e ground p. few f e e t i n f r o n t of t h e t a r g e t p i s t e which was sane 150 
f e e t from the ^,un. An li-$6 d e t o n a t o r p laced in t)ie Line Charge was ocnnec ted t c one of t h e ^ 
s c r e e n s , and the s c r e e n s e n e r g i z e d by p u t t i n 0 a 1200 v o l t D. C. power supp ly a c r o s s thenu 
A p r o j e c t i l e p a s s i n b t h rough the s c r e e n s completed t he t r i g g e r i n g c i r c u i t , s e t t i n g o f f t a e 
l i -36 d e t o n a t o r and t h e Line Charge, Copper mesh s c r e e n s w«re used f o r t h e yOrnm Sho t , w h i l e 
t i . i n aluir.iiiuii f o i l s t r i p s *rere used in the s c r e e n s when i ' i r i n G t h e s e n s i t i v e 106cam HEAT 
a h e l i t o avoid f u t e i n i t i a t i o n , ' •:? 
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RiSSULTS 

jOan AP T5j<£7 Shot >? 

1 - 0 H ' ft<\ F l v « r r D u n J * 01 ' ';0w* AP T53S7 Sho t were f i r e d a g a i n a t t he f o u r inch p l a t e a t ' . 
°f.*pprcxi,Mt«1'r 20* f f — — *» ' f «»•*• j a 

» «V " l' - • *5 

" * * ' vfi 
d ) Tne L l n ® Charge o u t t i n g f r a g r f n i # m l i l e d t h e f i r s t 9 0 m round ( t e # t '' 

r c u n a r , 0 ° •>>' t h e r e s u l t was a comple te p e n e t r a t i o n of t h e p l a t e . c ' ' - ' O l l 

i a c n o f t h e n e x t t h r e e r c c n d s ( t e a t rounda n o a . U, 5 . and 6) waa a t r u e f c -7 
J1® c u t t l « * f ™&*® a t « of the Line Charge and waa u n a b l e t o p e n e t r a t e t h e t a r g e t * a 6* ' * ^ 

d i a m e t e r scoop of 1" t c 1 1/2," d e p t h waa produced by each r o u n d . 

A . A 8 m® a r ' ^ P ® Pho tograph (aee APG A o t c 62167} me made of one r o u n d . 
As shown by the p h o t o . Line Char b e f r a g m e n t s have succeeded in b r e a k i n g t h e p r o j e c t i l e . 
The e n t i r e o f c ive has been broken o f f . J \ \ y » S 

: '•A&SI 

a v o W - . f c \ r ° J r rou*iB c f ^ 0 r a n AP Shot ( t e a t rounda n o a . 7 , 9 , and 10) were f i r e d 
a v e l o c i t y i n c r e a s e d t o a p p r o x i m a t e l y 2500 f p s , wi th t h e armor a t 15 c o b l i q u i t y ' . &eh 
rounu made a e c a p l v t e p e n e t r a t i o n c f t h e t a r g e t . The e f f e c t of t h e Line Charge f r a g M B t # ^ 
on t h e s e rounds i s unknown s i n c e no h igh speed mot ion p i c t u r e # were o b t a i n e d . 

' ^ 
T 

i/or> r *°*u e[1 r c u r i t * s C i lCfcnm r e c o i l l e s s h£AT ammunit ion were f i r e d a t a p p r o x i m a t e l y <•' '•$&*' 
1600 f p , - U h « h . . t *>• o b l i q u i t y . C 9 p . r l i n e r , „ r . u s . d i l ? Z Um 
u h a r 0 e s s u p p l i e d l 'or t h i s p h a s e . 

* , . ^ J i * 1 C 6 , ! n E r o a n i a ^ t e s t r c u n d a n o s . 1, 2 , 5 , b, 6 , and ?) were e v i d e n t l y "M 
UCK j „ne uha. „e ! r a b m e n t s ; t h e e i l e c t of t h e s e on t h e t a r g e t c o n s i s t e d , i n •.•41 

8 c a a 9 ' 0 i i r e b " « n t gouges and s m a l l j e t p e n e t r a t i o n s (0" t o 2 £ " ) of t h e armor. . * i 

P < .TW° rciaida ( t 9 S t r ° u n d s n o a . 3 and y ) a p p a r e n t l y were misaed by t h e w i n - J 
iragir.enta tne Line Charge . 5ach of t h e "two rounds c o m p l e t e l y p e n e t r a t e d t h e t a r g e t and ^ 
produced r e s i d u a l p e n e t r a t i o n s of a p p r o x i m a t e l y 2" in a v e r t i c a l b a c k - u p armor p l a t e p l a c e * ^ 
e l e v e n f e a t b e h i n d t h e t a r f a e t . W 

2 . l^aam a h e l l , hSAT, T119B11 (U}UU) 

f
 v J ^ ^ round k - e s t round n o . 3) e v i d e n t l y was mis sed by t he main f r a g m e r t * . "̂ e. ^ 

v tha i , ine Char b e and a . s o f a i l e d t o f u n c t i o n by f u s e a c t i o n . This round d e t o n a t e d d u r i n g WS 
c rus . i - up a g a i n s t t h e p^a t e w i t h o u t f o r m a t i o n of a j e t . The s o l e e f f e c t on t he t a r g e t p l a t e ' 3 1 
was a / d i a m e t e r d e n t , a p p r o x i m a t e l y l / a " d e e p . ; f r j | 

r T, C n e o a l i b r a t i o n round ( t e s t r o u n d n o ; 10) was f i r e d w i t h o u t use of t h e 
of* « * + '• t o f u n c t i o n by f u » e a c t i o n and d e t o n a t e d d u r i n g c r u a h - u p w i t h o u t f o n w t i d n ^ a J e t « K e s u l t s were i d e n t i c a l t o t h o s e of Rofmd 8 . 

* - • — — , ,• 
'' :A 

f- ' 'i - ••'I 

•% f 
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FIRING RSCöm NO,  Ar-205^ 
SH,e£T 3  OF  5 

DgTAILEi) RSSULTo  OF   TEST 

Incloaure 2  provides  rcund-by-rcund  firing  duta and  result«. 

OBSERVERS 

Other  tfeftn BRL and  ü&FS  personnel conducting the test,   no obmmrvmr* ware preirtmtt, 

ZstC /^^ 
AFF»OVaD s 

Chiaf^   iirro«; A ABaaunition 

INCLOSORESs; 
1, Oistrituticn 
2, Firing1 i)&,tÄ 
3«  £(«6cri|*ti©n of Xriggartng Jystem* Line  Charge Sketch 
k*  APG iliptcs   BS.Q54,   B2055,   B2167 

s.c.^l^r 
»«Co   FLEbS ^ Jc   C»  GILLfiTT 
Chief,   Armor  Br a no h Lt,,  Ord  Corps ■'4 

Froof  Offloor 
. ;| 

,VvH 

|| 
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DISTRIBUTION 

Ghl*f of Ordnance 
* * » h i n g t o n J . C. 
A t t n : ORUTA 

OKJTB 
ORDTT 

Coirmianiing vieneral 
P i c a t i n n y Ar»«nal 
Dover, New J e r s e y 

Commanding O f f i c e r 
D e t r o i t A r s e n a l 
Cen te r L i n e , Michigan 
A t t n : ORDKX-SCC " 

ORJltf-BCi: 

Commanding O f f i c e r 
Hater torf i : A r s e n a l 
•Vatertowr. '{2, M a s s a c h u s e t t s 
A t t n : Labo ra to ry 

Or e i inerson ii0 Pugh 
^a r r . e^ ie I n s t i t u t e of Technology 
S c h e n l e y i-fcrk 
P i t t s b u r g h , P e n n s y l v a n i a 
THRU:- P i t t s b u r g h Ordnance D i s t r i c t 

Armed o f r v i p e s j ^ h t f f c a l 
s S e r v i c e Cfenter 

>ui jd in£ • "" 

;na t i cn A f ceacy 

J a A o / 2 , 
A t t r f i i)ijC"«jA 

AFT' L i a i so r . O f f i c e r 
« & ? n d e - n

 r
i r o

t y i n - Ground, Maryland 
* OmL U t i . o 1 o d o 

fVeapcr.s oystems L a b o r a t o r y 
B a l l i s t i c Resea rch L a b o r a t o r i e s 
Aberdeen P rov ing Ground, Maryland 

7e rre i n a I d a l i i e t i c L a b o r a t o r y 
B a l l i s t i c Resea rch i - a b c r a t c r i e s 
Aberdeen i- 'rovinc Ground, Maryland 

. t e chn ica l Inl'oririji t i e r . branch 
Aberdeen P r c v i n c urcunci, Maryland 

SBCRET 
FIRING RSCORD NO. At-20352 
INCLOSURE 1 

1 copy 
1 copy 
1 copy 

1 copy 

1 copy 
1 copy 

1 copy 

1 copy 

5 copies 

1 copy 

1 copy 

1 copy 
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DfiSCEIrl'lON   OF  TBICitÄRING  SYSTSM 

Hodifl,ed PicaljLrmy Arsenal P»T1C<» 

1.     Schematic  Diagram; SE 

Böy¥^   FRO OF 

ItO VOLT 
tNPOT 

<30 

fAfiT/ATING    SC&££/VS 

SPEC/AL    //O V.   SOCKET 

2,     Safety  ^satures: 

t3O0   VOLT 
o.e. supptr 

0. 

k  Bpöcial  connecting  socket  for   110 
aan xintil  he  is   In  shelter« 

V  input  kept   by  demolition 

B.     DPDT  switch  in   insulated box,   dosed a^nd  ehorted to  ground  In 
personnel  bombproof   .switch opened Just  prior  to  firing when all 
personnel  are under  cover). 

IJk't 



jj   5 i G;     ijf'    iiv iu-ü . h 1. 

>afety  Fes 

G.     >cre& 

itureo:     continued O f" I 

ans   rhacked for   infinite  rÄ1!! hü 6000 volts. 

D.     lower  supply  shorted to ground prior  to  firing;   unshorted before 
each firing;   shorted after each firing. 

S.     M36  detonator  inatalled  by demolition  cian   in  usual  manner   (leads 
attached,   then M36   insertea   into  booster  through  hole   in 
supporting  plate  for charre). 

SK^iCh   OF   LIN'?   CHÄEGE 

/*&: 

C*mf.B fst*) 

S/'tre/ /}'uöe- 

im 



CONFIDENTIAL 

13 September 1954 B2054  CONPIDENTIAL   i ABERDEEN PROVING GROUND i 
Project No. TB3-1224B,  Testing of Special Picatinny Arsenal Device* 

Front view of the 4" target plate used during the test of the 
Picatinny Arsenal Device versus the Shell, 106ran, HEAT, T119E11 
(M344).  Ten rounds were fired; rounds 3 and 4 are not marked 
since only negligible scarring resulted from these rounds« 



CONFIDENTIAL 

B2055     CONPIDENTTAL       i ABERDEEN PROVING GROUND 8 13 September  1954 
Project  No.  TB3-1224B.     Tasting  of Special  Plcatinny Arsenal Device. 

Front  view  of   the  4"   target  plate  used during  the   test  of  the 
Picatinny Arsenal  Device  versus  the  90imi APT  33E7 Shot.     Eleven 
rounds  were  fired.     Rounds   1 and 2 were  fired without use  of  the 
Picatinny Device,     Round  11,   badly broken before  striking the  plate, 
is   indicated by  the   circled areas. 
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COMFIDENTiAL 

B2167       CONFIDENTIAL     ft ABERDEEN PROVING GROUND S 20 August   1954 
Project No.   TB3-1224B.     Test  of Special   Plcatinny Arsenal Device. 

Shot,   QOram,  AP,   T33E7   (Round No.   11),   broken  In  flight by   fragments 
of modified cutting  charge. 
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APPENDIX    D 

FIRING DATA - PAD VS 901SA HEP-T 

SECRET a3 



SECRET 
') 

. FIRING DATA - PAD VS 90MM HEP 

RD. NO. 

TRIGGER 
SCREEN 
DIST. TO 

PLATE 
RESULT 
ON  PLATE 

DIST.  PAD 
BSK)W 

PROJ   (Z) 

DIST.   PAD 
OFF-SET FROM 
L OF FLIGHT 

DIST.  PAD 
TO PLATE 

PAD LINER 
ANGLE 

1 
Not Meas, 

None 
Used 

Spall No PAD 

RFOf IFT 
- .«# 

2 None 
Used 

Spall NO PAD OMII iLI - -»» 

3 Al.Uesh 
30« 

No 
Spall 

18" ii" 32" 11,0° 

k 
2332 

Al.Mesh 
30" 

No 
Spoil 

30" 6" 32" 11*0° 

5 
2331 

AlJoil 
30" 

Spall 60" 10" 32" 11*0° 

6 
2336 

Al .Foil 
30" 

Spall 60" 10" 32" UiO0 

7 
233U 

Cu.Mesh 
30" 

Spall U5" 6" 32" iU0o 

8 
2358 

Cu.Mesh 
30" 

Spall i*5" 6" 30" 115° 

9 
2361 

Cu.Mesh 
30" 

Spnll 1*5" 6" 30" -*«*■ 

10 
23U9 

Cu.Mesh 
U" 

Spall 30" 6" 1*7" 165° 

11* Cu.Mesh 
30" 

No 
Spall 

18" 6" 32" 115° 

12* Cu.Mesh 
30" 

No 
Spall 

30" 6" 32" lli0O 

13* Cu.Mesh 
30" 

sp<n 19' 6" 32« 11*0° 

lit* Cu.Mesh 
30"     . 

No 
Spall 

30" 6" 32" n50 

15* Cu.Mesh 
30.5 ft 

No 
Spall 

30" 6" 30.6 ft 11*0° # 

16* Cu.Mesh 
30.5 ft 

Spall 1*5" 6" 30.6 ft ihcP 

17 
2020 

Cu.Mesh 
30" 

Spall U5" 6" 
SECRET 

32" 1U00 
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FIRING DATA - PAD VS  f&jjt HSP  (CONT'D) 

TRIGGERQrllKF T 
SCREHJ   ^ ■■*'■■ ■-  ■    DIST.P.D      DIST.  PAD 

RD. Nu. DIST, TO RESULT BBLOW      OFF-SET FROM    DIST.PAD      PAD LDIER 
57     tfVB) PLATE ON  PLATE       FROJ  (Z)     L OF FLIGHT      TO PLATE        ANGLE 

18 Cu.Mesh Spall k5n 6n 3hn 11*0° 
2320                    k6" 

19 Gu.itosh Spall 16" 6" 3h ft 11*0° ## 
3U ft. 

»   Velocities not measured,    Estiüiated: 2320-23UO fpe. 
** Calibration of Ammunition 
*** PAD not initiated 
#   Fastax films taken 
## Missed screen 

SECRET 7 
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FASTAX FILL: ÄKD ■.'.ITNESS PLATE TRIALS 
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I. PHASE I 

A.     PURPOSE 

To obtain  fVa^ment velocity and penetration data, using mild steel target 
witness plates. 

B.     Al-MUNITiON SECRET 
Two pads with lijO0 copper liners.    No, 1 was statically detonated with base 

parallel to frroamd>iaild steel laminate 66 inches overhead.    Laminate consisted of 
two 12 cauge  sheets followed by 1/U inch sheets.    No. 2 was detonated with base 
perpendicular,  in longitudinal direction   (B),  target 66 inches away.    Both charges 
were photographed by Fastax camera to obtain fragment velocity data, 

C,    FADS 3 and it 

115 degree liners, detonated like No, 2 except that laminate of witness sheets 
consisted of one 12 gauge mild steel sheet followed by 1/1; inch mild steel sheets. These 
charges were detonated for fragment distribution data, (See FLots 1,2, and 3), Pad No, h 
was modified to simulate combat conditions as follows: The liner trough or wedge angle was 
filled with moist soil scraped in the test area. This dirt filler was held in place by 
masking tape. The charge was detonated against the same setup as was No, 3, A sunnary of 
fragment penetration and distribution data is given in Plots 1,2, and 3» 

ii.    PHASE ii   FRAG:.ISI:TATION CALIBRATION 

A,  FJRiQSE 

To obtain an indication of PAD fragmentation efficiency and penetration capa- 
bilities by comparison with available devices using lesser weirhts of explosive, 

3. PROCEDURE 

Two 2 inch I,D. black pipe nipples and four 2 1/2 inch I,D, galvanized pipe 
nippies were eaprad at one end. Each was then filled lengthwise with an inert mixture 
(Flatter of Paris) for one half of the nipple diameter, looking in section like this: 

Qooster 

The  plaster   filling was  then drilled thru,  at  the  canter of the nipple length,  for a 
tetrvl boüst.r pellet.     The remaining seni-circular section was than filled with explosive 
C3,    A tabulation of the  pipe charge characteristics  follows: 

SECRET r;/) 
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C. PIPE CHftBOE DATA 

Pipe    ID 

Pipe OD 

Pipe Length 

Pipe Type 

\n Charge 

Wt Pipe,  two Steel Caps 
(at ends) & Inert Load 

It of Single Cap 

Wt as fired it/one cap 

D. RESULTS 

SECRET 
2 inches 

2 3/1S inches 

6 inches 

Black 

.53 /.03 lb C3 

h.75 lbs 

1.15 lbs 

5.3 /.10 lbs 

2 1/2 inches 

2 13A6 inches 

10 inches 

Galvanized 

1,3 lbs C3 

10.2 lbs 

2.15 lbs 

9.3 ^.10 lbs 

1, Wien the 2 inch pipe nipple was detonated from a position with its 
axis  parallel to the ground, the  frapraent  patt-m obtain;*! was  apparently too 
limited to be comparable to a PAD,    The next clxrge used was the larger diameter 
longer^ 2 1/2 inch I.D. nipple.    This charge,  effectively a miniature bangalore 
torpedo^was detonated with  tlie   axis perpendicular to the ground.    The large angle 
of fragment distribution is apparent from APG photographs B5971-73.    This pattern 
might be considered inherent in the shape  of the charge casing.    Also noteworthy 
are8 reduction in numbers  of fragments  for t e thick steel pipe casings and 
greater propjrtion of penetrating fragments in later witness sheet   (No,3), 

2, A tabulation of fragmentation data for the  first of each type of pipe 
nipple  and the four PADS detonated  in the last phase of this program is  given below. 
Two additional  pipe nipples of each type   (2 inch I,D,  and  2 1/2  inch I,D,) were 
detonated.with axis vertical.    Fragmentation data, density) and numbers of indentations 
in each mild steel witness  sheet are summarized in Plots 1,  2,  and 3 which follow. 

SECRET tt> 
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SPREAD (• 

LLD STEEL \m HESS  PL£ TE FIRIliGS 

'   TOTAL NO .  OF DENSITY ') OF m OF 
vVITNESS 
PLATES 

DIDEtv-TATIOI.S PQIETRATIONS mEiEKr- 
T AT! ONS 

PENE- 
TRATIONS 

INDEN- 
TATIONS 

PENE- 
CHARGE Tzar. im. TRATIONS 

Large areas of 
PAD 01 10 ga 10 5i 10-lii 51 tiny & It irge Too hir 

.23/ft2 
h to count 

•12/ft2 lh0o Liner 12 ga 10 51 6 32 117 23 
lA" 8 U2 6 23 65 6 .20 •OU 

• iA" 8 35 - 23 3U U .12 — 

PAD #2 Very- 
lii0o Liner 12 ga 21 UO 21 UO Large 25.3 - .30 

12 ga 21 Uo 21 Uo it 60 - .07 
lA" 21 Uo 16 29 16U 5 .20 .01 
lA" 30 36 - - 13 l .02 - 

STEEL i IPE NIPPLES 
■ 

Pipe #1 12 ga 36 / 11* 36/ 1U mg 25 ^, 7.12 
2"  ID 12 ga 36 / 1U 36/ 1U 51 10 .10 .02 
Axis at lA" 36/ 1U - 16 - .03 - 
0° elev. 

Pipe #2 Over Over 
2 1/2" ID 12 ga 2h 8 ft 2h 8 ft L^rge 118 Large 7.08 
Axis at lA" 2h it ~ 83" 5 9.3U 
90° elev. lA" 2h it — — 

Very 
i 3.06 

FAD #3 12 ga U8 15 55 Lar,n;e - - 
11?° Liner lA" 27 hd 12 55 ii 16 21.3 1.7 

lA" 15 ia — Ui — 9.6 • 
lA" 12 hi — — 19 

Approx. 
5.5 — 

PADn#U 12 ga 30 35 30 35 Large 75 Larqe 10.26 
115° Liners lA" 30 35 0 20 2.08 2 28.5 — 

lA" 2h 32 — — 13 - 2.U _ 
lA" Center of Plate 2 - — Ml 

* Sandy loam loosely held in wedge by nasking tape. 

SfCRET ii 





i 
*                                   1 
{                 t                 | 

-    ;■ 

" "''      \        1 

-.—I-T- 

-i - - 

I 

■ ■: 4- -y— 

S 
i 

- (O       - - - - 

l-f  1 

r=4*-i' - 

CO 

—1 .— 

. J. -:, 

->:#-;» 

-rrr-rw 

__i._, 4.. f 

fr 

1 

5 

o 
CO 

■i—-(- 

r+ - 

„u 

I     ■: 

w 

OT i  Tar    , 
iUL-i 51 

i i8 

.a,; 

._—ts—! —- J__ 

s 

J u 

. L 

~h—1- 

Ol 

!       ! 

^3 

Hi 
JS 

.— 

fr: 

IS 

J L, 

g 

S.! 

«j 

c:'        -J? 

m 
ei 

CO 

I ■     I 

o 
CO 

• a. 

1? 

t 4- 

J, SiÖEET 
a, 
r 

^ S 
SMOIXTiSSaSI 40   'ON  TVlOi 

% 
Q Ö 

^ 





O ^ O T~ MO kfN 



SECRET , 
■ 

SECRET 

APPENDIX F 

AFG PHOTOGRAPHS NOS. B$96Q THRU B5973 
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P^ILT^ i ABERDEEN PROViNSSROUND 8 84 J^uary llü" 

S4,?^..8; pSSf^Äf  66"  ^ oha^. in first ah„t   (12 g.., 
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S£GBO 
8 ABERDEEN PROVING GROUND % B5969 SECHST 8 ABERDEEN PROVING GROUND 3 24 January 1955 

Project  Ho.  TB3-1224B.     Teat  of Plcatlnny Arsenal Device   (Pad).     Pene- 
tration into Mild Steel. 

Pad  No.  2.     Pragmsnt damage  66"   from charge  In second sheet   (12  ga.) 
of witness  plate   laminate. 
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B5970 3BCHBT J ABERDEEN PROVING GROUND t 24  January 1955 
Project No, TB3-1224B,     Test  of Plcatlnny Arsenal Device   (Pad).     Pene- 
tration  into Mild Steel* 

Pad No.   2.     Fragment damage  66"  from charge   in third sheet   (l/4w) 
of witness   plate  laminate« 
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B6071        3BCRBT 8 ABERDEEN PROVING GROUND i 84 January 1966 
Projaot No« T33-1224B.    Test of Floatinny Araenal DOTIO«   (Pad).    Pono- 
tration into Mild Steel. 

Speoial DeTioe No* 2«    Fragment damage 66w fro« etaarge in first 
sheet   (19 ga.) of witness plate laminate. 
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B6972 3B0RBT i ABERDEEN PROVING GROUND 8 24 January 1956 
P«ne- Project No« TB3-1224B. Test of Pioatinny Arsenal Device (Pad), 

tratlon into Mild Steel. 
Special DeTloe No. 2» Fragment damage 66" from charge in second 
sheet (1/4") of witness plate laminate. 
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B5973 SECRET 8 ABERDEEN PROVING GROUND & 24 January 1955 
Project No.  TB3-1224B,     Test of  Ploatlnny Arsenal Device   (Pad).     Pene- 
tration Into  Mild Steel. 

Special Device No,  2,     Fragment damage   66"  from charge  In tbdrd 
sheet   (l/4n)  of witness   plate  laminate* 




